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PREFACE  TO  VOLUME  II. 

This  work  was  originally  planned  for  one  volume.  Its  size^  however^  makes 
it  more  desirable  to  publish  it  in  two.  Since  these  will  appear  simultaneously 
it  has  not  been  considered  necessary  to  repeat  in  the  second  volume  all  the 
material  which  appears  at  the  beginning  of  the  first,  with  the  exception  of  the 
''Key  to  Mill  Numbers"  to  which  the  reader  may  need  to  refer  constantly. 

B.^  H.  E. 


TABLE  I. 

KEY  TO  HILL  NUHBEBS 


Mill 

No. 

Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 
Hours.  Tons. 

z 

Genesee-VanderbUt 
Mining  Company. 

Guston. 
Colorado. 

Gold  and  silver  bearing  py-  Qtiarts,  porphy- 
rite.  galena,  blende  and  a  ry,    bante   and 
little  polybasite.                       clay. 

a 

Granby  Hand  Jig. 

Granby. 
Missouri. 

Blende,  calamine  and  galena 
in  coarse  crystallization. 

Quartz,  flint, 
calcite  and  dol 
omite. 

8(a) 

3 

HeUttpon  Earth. 

i&^. 

Blende  and  galena  in  coarse 
crystallization. 

Limestone 
and  flint. 

50(6) 

4 

xlfiWHIIIgCf  8 

Limonite  Washer. 

Trexler  Town. 
Pennsylvania. 

Limonite 

5 

Limonite  Washer. 

Lonsdale, 
Virgmia. 

Limonite.    of   concretionary 
structiue. 

Clav  and  shale 
with   sandstone 
and  pebbles. 

8oo 

6. 

Peace  River 
Phosphate  Company 

HuU. 
Plorida. 

Phosphate. 

Sand. 

7 

LAnd  Pebble  Phos. 
phate  Company. 

Pebble. 
Plorida. 

Phosphate. 

Hard  blue  clay. 

8. 

Dunnellon  Phmtphate 
Company. 

Dunellon. 
Plorida 

Phosphate. 

Sand.  clay.  etc. 

400(c) 

9- 

Henry  Paust. 

Galena.  Kansas. 

(rf) 

(d) 

60-100  (c) 

to. 

I  Know  Mining 
Company. 

igS^iri. 

Blende  and  galena. 

Plintand 
limestone. 

loo-iao  (c) 

II. 

Alma  Emmons 
Sludge  Mm. 

Galena. 
Kansas. 

Unfinished  blende  ore. 

Plint     and 
limestone. 

<o(<r) 

za. 

Priedensville 

Priedensville, 
Pennsylvania. 

Blende. 

Limestone, 
quartz. 

I30-I3S  (c) 

«3. 

JSnstis  Bunmg 
Company. 

Eustis.  P.  0.. 
Canada. 

Pyrite,  chalcopyrite,  arseno- 
pyrite.  enargite. 

Quartz  and 
mica  schist. 

(#) 

«4. 

Nichols  Chemical 
Company. 

Capelton.  P.  Q.. 
Canada. 

Pyrite,     chalcopyrite.     and 
arsenopynte. 

Quarts  and 
mica  schist. 

Variable. 

1$. 

Zinc  Company. 

jss^ 

Blende. 

Flint. 

.14  (c) 

i6 
aik 

»7. 

Granby  Mining  and 

SS^. 

ite,  guena.  cerrusite.  pyro- 
tion  products. 

PUntaad 
Quartz;  some 
dolomite   and 
calcite. 

60(c) 

1 8. 

Minnie  and  A.  Y. 
MilL 

LeadviUe. 
Colorado. 

Argentiferous  galena, 
pyrite.  blende. 

Quartz. 

95 

19. 

MoyerMai. 

Leadville. 
Colorado. 

Axgentiferous  galena, 
pyrite,  blende. 

Quartz. 

aoo 

JO. 

Old  Jordan  and 
Galena  Mining 
Company. 

Bin^. 

rClassL:  pyrite.                  ) 
Class  II. :  pyrite,  galena,  ■ 
and  blende.                       ) 

Quartz,  and 
decomposed 
porphyry. 

175 

91. 

Silver  Age  Min. 

Idaho  Springs. 
Colorado. 

Pyrite,  galena,  gray  copper, 
chalcop3rrite     and     blende; 
carrying  gold  and  silver. 

Quartz  and 
feldspar. 

40-50 

aaJ 
( 

>ntnlLead 
Company. 

Put  River.  St. 
Francois  County. 

Galena,  a  Uttle  pyrite. 

Limestone. 

175 

VI 
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^ 

Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 

per  24 

Hours.  Tons. 

a3. 

Plat  River  Lead 

Plat  River. 
Missouri. 

Galena,  a  little  pyrite. 

Dolomite. 

100 

24 

MinelaMotte. 

MinelaMotte. 
Missouri. 

Galena,  a  little  pyrite. 

Limestone  with 
silica. 

xoo(0 

as 

St.j06ephLead 
Comi>any. 

SSS^""' 

Galena,  a  little  pyrite. 

Dolomite. 

900 

a6 

Bullion  Beck  and 
ChamxMon  Mining 
Company. 

Eureka,  Utah. 

Galena,  cerruaite,  malachite, 
asurite,  silver  (as  sulphide, 
chloride,  arsenite  and  arse- 
niate),    gold,    arsenite    and 
arseniate  of  copper. 

SSSS;« 

aoo 

a?. 

Revenue  Tunnel 
Mines  Company. 

Mt.  Sneffles. 

Ouray. 

Colorado. 

Argentiferous  galena,  tetra- 
hedrite.    .  pyrit^       blende. 

Quarts  and 
porphyry. 

lao 

28. 

Smuggler  Mining 
Company. 

Aspen.  Colorado. 

Native  silver,   argentiferous 
galena,  pyrite.  aigentiferoua 
Surite.  blende    and    smith- 

Blue  limestone 
and  quarts. 

100(c) 

SQ 

Ute  and  UUy  Mill. 

Lakeaty. 
Colorado. 

Pyrite,  blende,  chalcopyrite, 
tetrahedrite,    and    argentif- 
erous galena. 

OuarU. 

3SO 

30. 

Bunktf  HiU  and  Sulli- 
van Mining  and  Con- 
centrating Company. 

Kellogg.  Idaho. 

Argentiferous  galena,  pyrite. 

Quartsite  and 
nderite. 

530 

31. 

Gem  MiU  of  the  Mil- 
waukee Mining  Compa- 
ny. 

Gem,  Idaho. 

blende. 

Quarts. 

aoo 

3a. 

Helena  and  Frisco 
Mining  Company. 

Gem,  Idaho. 

ri.  Cerrusite  and  pyromor- 
pvrite.  chalcopyrite  and 

I.  Quarts  and^l 
iron  oxide. 

II.  Quarts. 

600 

ii. 

Last  Chance  Mill. 

Wardner,  Idaho. 

Argentiferous  galena. 

Quarto. 

75 

.     34. 

Company. 

Mullan.  Idaho. 

Argentiferous  galena,  pyrit« 

Siderite  with 
some  quarto. 

300 

35. 

Union  Mill  of  the 
Standard  Mining 

Wallace,  Idaho. 

Argentiferous  galena.  pyriU 

SUteand 
quarto. 

aso-300 

36. 

Stem  Winder  MiU. 

Kellogg.  Idaho. 

Argentiferous  galena. 

Quarto. 

75 

37. 

Company.    Tiger    and 

Burke,  Idaho. 

Argentiferous     galena    and 
blende. 

Quarto. 

550 

38. 

Boston  and  Montana 
Consolidated  Copper 
and  Silver  Mining 
Company. 

Great  Palls. 
Montana. 

Chalcopyrite.  pyrite,    enar- 
gite,andbomite. 

Quarto  and 
decomposed 
feldspar. 

U) 

39. 

Butte  and  Boston 
Mining  Company. 

Butte.  Montana. 

Bomite.  chalcopyrite,  enar- 
gite,    pyrite,    blende    with 
some  suver  minerals. 

Quarto  and 
decomposed 
feldspar. 

500 

40. 

Colorado  Smelting  and 
Mining  Company. 

Butte.  Montana. 

Pyrite.  blende,  bomite,  enar- 
gite,  chslcopyrite.  chalcocite, 
tetrahedrite  and  tennantite. 

Quarto,  decom- 
posed granite, 
andbarite. 

(*) 

41. 

Parrot  Silver  and  Cop- 
per Mining  Company . 

Butte,  Montana. 

Chalcocite.  bomite.  chalco- 
P3rrite,  enargite  and  blende. 

Quarto  and  de- 
composed   feld- 
spar. 

300-350 

4a. 

Anaconda  Copper 
Mining  Company. 

Canon, 
Montana. 

pyrite.  enargite.  blende. 

Quarto  and  de- 
composed feld- 
spar. 

a5oo-a7oo 

KEY  TO  MILL  NUMBERS. 
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!5S! 

Name. 

Location. 

Economic  Minerals. 

Oangue. 

Capacity 
Hours.  Tbns. 

43. 

Butte  Reduction 
Worl». 

Butte. 
Montana. 

Chalcodte,  bomite,  chalcopy- 
rite.  pyrite.  blende. 

feldspar. 

150 

44. 

Calumet  and  Hecla 
Mining  Company. 

Calumet. 
Biichigan. 

Native  copper, 
native  silver. 

Rhyolitecon- 
glomerate 
with  calcite. 
epidote  and 
martite. 

2640  (0 

45. 

Franklin  Bfining 
Company. 

Michigan'. 

Native  copper. 

Soft 
amvgdaloid 

450 

46. 

OjBceoIa  Consolidated 
Mimi^  Company. 

Houghton 

County. 

Michigan. 

Native  copper. 

prehnite. 
magnetite. 

ia6o 

47. 

8s^^:"^ 

Hancock. 
Michigan. 

Native  copper. 

Amygdaloid. 

1700 — 1900 

48. 

Tamarack  Mining 
Company. 

Houghton  County, 

SameasMiIU4. 

fc" 

X500 

49- 

New  Smuggler 
Concentrator. 

ColOTido. 

SameasMiUaS. 

Same  as 
Mill  28. 

xaS 

SC 

ABartlettMill 

Arizona. 

Galena,  chalcopyrite.  blende. 

Hornblende 
and  quarts. 

ao(*) 

51. 

(0 

Yreka. 
California. 

Native  gold. 

Gravel. 

(m) 

5«. 

KiaOraGoM  Dredging 
Company. 

Oroville. 
California. 

Native  gold. 

Gravel. 

(n) 

S3. 

Hector  Mining 
Company. 

TeUuride. 
Colorado. 

Pyrite,   chalcopyrite.   tetrahe- 
nte,  galena  and  free  gold. 

White  and 
blur  quarts. 

90 

54. 

Homsilver  Mining 
Company. 

Frisco,  Utah. 

Native  silver,  arsentite.  ceraig- 
yrite.  and  cerruote. 

Quartz,  cal- 
cite and 

100 

55- 

Pandora  Mill  of 
Smuggler-Union 
Mining  Company. 

TeUuride. 
Colorado. 

Pyrite.,  chalcopyrite.    galena, 
sphalerite,  several  arsenical  sil- 
ver minerals,  occasionally  na- 
tive gold  and  silver. 

Quarts,    rho- 
docrosite,  cal- 
cite   and 
barite. 

130  (0) 

56. 

PnnkUn  Mining 
Company. 

Placerville, 
California. 

Native  gold. 

Conglomer- 
ate, with 
black  sand. 

60 

57. 

North  Star  Mining 
Company. 

Grass  Valley. 
California. 

Free  gold,  auriferous  pyrites. 

Quarts. 

64 

5«. 

Maryland  Mining 
Company. 

Grass  Valley. 
California. 

Free  gold,  auriferous  pyrites. 

• 

slate. 

80 

59- 

Empire  Mill. 

Grass  Valley. 
California. 

Native  gold,  auriferous  pyrites. 

Quarts  and 
slate. 

60 

6o. 

W.Y.O.D.  Mm 

Grass  Valley. 
California. 

Native  gold,  auriferous  pyrites. 

Qxaartsand 
slate. 

34 

6i. 

Taylor  Mine  of  Idle- 
wild  Gold  Mining 
Company. 

Greenwood. 
California. 

Native  gold,  auriferous  P3rrites. 

Quarto  and 
slate. 

ix5-xa8 

6j. 

Grand  Victory 
Mining  Company. 

Placerville, 
California. 

Native  gold,  auriferous  pyrites. 

Quarts  and 
trap-like 

X00-150 

63. 

Bay  State  Mining 
Company. 

Costimnes  River. 
California. 

Native  gold  and  auriferous 
pyrite. 

Quarto  in 
slate. 

so 

64. 

WiMmanGold 
MinsQg  Company. 

Sutter  Creek. 
California. 

Native  gold  and  auriferous 
pyrite. 

Quarts,  or 
quarto  in 
slate. 

93  (^) 

vni 
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Mill 
No. 

Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 

per  a4 

Hours.  Tons. 

65. 

Madison  Mill  of  the 
Utica  Company. 

Axxgcl'sCamp, 
Calaveras  County, 
California. 

Native  gold  and  auriferous 
pyrite. 

Soft  slate 
with  quarts. 

«35  (<7) 

66. 

Homestake  Mining 
Company. 

Lead  City, 
South  Dakota. 

Native  gold  and  aurif erotis 
pyrite  and  arsenopyrite. 

Quarts  in 

400 

67. 

West  Waverly  Gold 
Mining  Company, 
Limited. 

Waverly, 
Nova  Scotia. 

Native  gold  and  arsenopyrite, 
galena,  pyrite,  chalcopyntc, 
sphalerite. 

Quartz. 

50-65 

68. 

Montana  Mining 
Company.  Limited. 

Marysville, 
Montana. 

Native  gold,  tetrahedrite,  py- 
rite. chalcopyrite,  blende,  gale- 
na, arsenical  polybasite.  argen- 
tite. 

granite, 
caldte, 
manganese 
oxide. 

los 

69. 

American  Developing 
and  Mining  Company. 

Gibbonsville. 
Idaho. 

Auriferous  pyrites,  argentifer- 
ous chalcopyrite. 

Slate,  qtiartz, 

calcite, 

hematite. 

97-11 a 

70. 

Newton  Gold  Mill. 

Idaho  Springs. 
Colorado. 

Auriferous  pyrites  and  native 
gold. 

Quaru 

71. 

Kennedy  Mining  and 
Milling  Company. 

Jackson,  Amador 
County,  Cali- 
fornia. 

Native  gold  and  auriferous 
pyrites. 

Quarts  and 
slate. 

96  (r) 

a. 

Keystone  Consolidated 
Mming  Company. 

Amador  aty, 

California. 

pyrite. 

Quartz  in 
slate,  or 
quartz. 

xao 

73. 

Utica  MiU  of  the 
Utica  Company. 

Angel's  Camp, 
California. 

Native  gold  and  auriferous 
pyrites. 

Quartz  in 
slate 

axo  (5) 

74. 

Stickles  Mm  of  the 
Utica  Company. 

Angel's  Camp, 
California. 

it) 

«) 

aio 

75. 

Zeile  Mining  Company. 

Jackson,  Amador 
County, 

Native  gold  and  auriferous 
pyrites. 

Quarts,  with 
slate  and  tal- 
cose  slate. 

ISO 

76. 

Gentle  Annie  Mill. 

Placerville. 
California. 

Native  gold  and  auriferous 
pyrites. 

Quartz  in 

slate. 

iS-as 

77. 

Hidden  Treasure  Mill. 

Black  Hawk, 
Gilpin  County, 
Colorado. 

Gold  and  silver-bearing  miner- 
als      (pyrite,       chalcopyrite, 
blende,  tetrahedrite.  arsenopy- 
rite, galena.) 

Quartz  and 
feldspathic 
material,  cal- 

85 

78. 

Gates  Canvas  Plant  of 
Kennedy  Mining  and 
Milling  Company. 

Jackson, 
Amador  County, 
California. 

(«) 

(«) 

IOC 

79. 

Keystone  Consolidated 
Mining  Company. 

Amador  City, 
California. 

(V) 

(f) 

119 

80. 

Utica-Stickles 
Canvas  Plant. 

Angel's  Camp, 
Calaveras  County, 
California. 

iw) 

(w) 

4IO 

8x. 

Stephen  Lavagnino's 
Arrastras. 

Angel's  Camp, 
California. 

(*) 

(X) 

i8-ao 

8a. 

MarysviUe, 
Montana. 

Like  MUl  68. 

Like  MUl  68. 

1x0 

83. 

Eureka  Hill 
Mining  Company. 

Eureka,  Tintic 
District,  Utah. 

Native  silver,  cerargyrite,  gale- 
na, cemisite.  anglesite,  mala- 
chite, azurite.  chrysocolla,  ar- 
senite  and  arseniate  of  copper. 

Quartz,     cal- 
cite.   siderite 
and  rhodo- 
crosite. 

xao 

84. 

Mammoth  Mining 
Company. 

Mammoth,  Tintic 
District,  Utah. 

gentiferous  barite,   malachite, 
arsenite  and  arseniate  of  cop- 
per. 

Quarts  and 
calcite. 

xoo 

8s. 

Newton  Jigging  Mill. 

Idaho  Springs, 
Colorado. 

Like  Mill  70. 

Like  MUl  70. 

KEY  TO  MILL  NUMBERS 


IX 


US! 

Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 
HouiB.  Tons. 

86. 

Rocky  Mountain  MiU. 

Biack  Hawk,  Gil- 
pin County, 
Colorado. 

Gold  and  silver  bearing  pyrite, 
chalcopyrite.  blende,  and 
galena. 

OuarUand 

disintegrated 
granite. 

75 

«7. 

North   Star  on  Sultan 
MiU.  Silverton  Mining 
Company. 

SUverton. 
Colorado. 

Native  gold,  pyrite.  chalcopy- 
rite, galena,  tetrahedrite,  bor- 
nite.  stibnite. 

Quartz,  cal- 
cite, riiodo- 
chrosite  and 
barite. 

185 

88. 

Victoria  Mill. 

Silverton, 
Colorado. 

Galena,     chalcopyrite,    pyrite 
and  tetrahedrite. 

Quartz  and 
•porphyry" 
(quartz 
andesite). 

75 

89. 

Hartzell  Concentrating 
Company. 

Alburtis, 
Pennsylvania. 

Magnetite. 

Sib'ceous 
with  no 
phosphorus 
or  sulphur. 

125  ic) 

90. 

New  Jersey  Iron 
Mining  Company. 

Port  Oram. 
New  Jersey. 

Magnetite. 

Quartz  with 
some  apatite. 

91. 

Edison  Magnetic  Con- 

Jeraey    and    Pennsyl- 
vania Concentrating 
Company. 

Edison. 
Newjeraey. 

Magnetite. 

Feldspar 
with  a  little 
quartz  and 
apatite. 

4000  (y) 

QJ. 

Wetberill  Magnetic 
Concentrating  Plant. 
Sterling  Iron  and  Zinc 
Company. 

i^vnklin  Furnace, 
New  Jersey. 

Franklinite,  willemttc.  fowler- 
ite,  zincite.  tephroite. 

Quartz. 

calcite, 

garnet, 

mica. 

graphite. 

aoo  («) 

93. 

Wytiie  Lead  and  Zinc 
Mine  Company. 

Austinville. 
Virginia. 

Limonite,  smithsonite,  wille- 
mite,  cerrusite. 

Dolomite 
and  quartz. 

80(f) 

94-  Leadville  Gold  and 
Silver  Extraction 
Company. 

Leadville. 
Colorado. 

Native  gold  and  cerrusite. 

Gray  por- 
phyry with 

75 

(a)  Probably  in  10  hours.  (6)  In  9  hours,  {c)  In  xo  homs.  {d)  Similar  to,  but  richer  than  in  Mill  xo. 
(«)  Rock  house,  60  tons  in  xo  hours;  mill,  50  tons  in  10  hours.  (/)  In  a  a  hours,  {g)  Capacity  of  each  roll 
section.  300  tons  in  24  hours;  of  steam  stamp  section,  250  tons  in  24  hours.  (A)  275  to  300  tons  per  24  hours 
for  the  section  treating  ore  from  the  company  mine,  and  x  25  to  1 50  for  the  section  treating  custom  ores.  («)  For 
each  of  the  two  milk,  (ik)  In  xx  hours.  (/)  A  gold  dredging  plant,  (m)  Theoretical,  2,000  cubic  ya^s  in 
24  hours:  actual  x.6oo  or  less,  (n)  Theoretical.  2.500  cubic  yards  per  24  hours;  average,  less  than  half  this 
amount,  (o)  Since  increased  to  200.  {p)  Since  enlarged  to  145  tons.  (9)  Since  changed  to  about  200  tons, 
(f)  Since  enlarged  to  about  X35  tons,  (s)  Since  changed  to  300  tons.  (0  Similar  to  Mill  73.  («)  The  mill 
treats  the  tailings  of  Mill  71.  (v)  The  mill  treats  the  tailings  of  Mill  72.  (w)  The  mill  treats  the  tailings  of 
Mills  73  and  74.  (x)  Material  is  tailings  from  Mill  80.  (y)  In  20  hours,  (s)  A  second  mill  erected  by  this 
company  has  a  capacity  of  x  ,400  tons  in  20  hours. 


PART  II. 

Continued  from  Vol.  I. 

SEPARATING,  CONCENTRATING  OR  WASHING. 


CHAPTER  XVI. 

SINE  SAND  AND  SLIME  CONCENTBATOHS. 

§  479.  Concentrators  for  fine  sands  and  slimes  may  be  classified  according  to 
the  following  principles  of  action : 

A.  Vanners  use  mechanical  agitation  on  a  shaking  surface  to  separate  the  pulp 
into  layers,  with  the  specifically  heavier  minerals  beneath  the  lighter;  accom- 
panied by  the  dragging  action  of  a  belt,  to  take  off  the  heavy  minerals  at  one 
end,  and  the  current  of  surface  water  to  remove  the  light  minerals  at  the  other 
end. 

B.  Bumping  and  jerking  tables  use  mechanical  agitation  on  a  jerking  surface, 
to  separate  the  pulp  into  layers  with  the  heavy  minerals  below  the  light ;  while 
the  jerking  action  conveys  the  heavy  minerals  to  one  end  or  side  of  the  table, 
and  the  current  of  surface  water  conveys  the  light  minerals  to  another  end  or 
side. 

C.  Film'Sizing  tables  use  the  relative  transporting  power  of  a  film  of  water, 
flowing  on  a  quiet  inclined  surface,  to  act  upon  a  sorted  product.  The  smaller 
grains,  of  higher  specific  gravity,  are  moved  down  the  slope  slowly  or  not  at 
all,  since  they  are  in  the  lower  slow  current;  while  the  larger  grains,  of  lower 
specific  gravity,  are  moved  rapidly  down  the  slope,  since  they  project  up  into  the 
upper  rapid  current.    This  action  separates  the  waste  from  the  values. 

D.  Riffles  utilize  the  agitation  of  a  water  current  fiowing  over  their  uneven 
surface,  and  have  catch  pockets  for  holding  the  heavier  particles. 

E.  Kieves  use  mechanical  agitation  in  a  deep  mass  of  thick  pulp,  to  separate 
the  particles  of  higher  specific  gravity  from  those  of  lower. 

In  concentrators  of  almost  all  descriptions  the  depth  of  the  bed  used  seems  to 
be  of  great  importance.  If  too  thick  the  work  may  be  paralyzed,  if  too  thin  the 
capacity  may  be  cut  down.  The  thickness  of  the  bed  may  be  defined  by  the 
number  of  grains  of  maximum  diameter,  one  above  another,  that  would  be  equal 
to  the  thickness  of  the  bed.  On  this  basis  a  bed  is  spoken  of  as  so  many  grains 
thick  or  deep.  The  above  mentioned  classes  of  sand  and  slime  concentrators 
may  be  rated  as  follows:  On  vanners  the  bed  may  be  10  grains  deep  without 
complicating  the  work  too  much ;  on  bumping  tables  the  author  believes  the  bed 
should  be,  if  anything,  slightly  less  deep  than  on  vanners;  on  film-sizing  tables 
the  grains  must  receive  individual  treatment,  and  therefore  the  bed  ought  to  be 
only  one  grain  deep ;  in  riflBes  the  bed  may  be  several  hundred  grains  deep  and 
still  good  work  result ;  and  in  kieves  the  bed  may  be  several  thousand  grains  deep 
and  still  yield  good  results. 

A.  Vannbbs. 

A  vanner  does  its  work  on  the  upper  surface  of  an  endless  belt,  which  is 
slightly  inclined  from  the  horizontal  and  receives  a  rapid  shake  in  tiiie  plane  of 
the  belt,  while  at  the  same  time  it  has  a  continuous,  slow  motion  up  the  slope. 
The  agitation  makes  the  ore  bed  so  loose  that  minerals  of  higher  specific  gravity 
can  settle  to  the  lower  layer,  while  those  of  lower  specific  gravity  rise  to  the  upper 
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layer.    The  travel  of  the  belt  carries  the  heavy  mineral  to  the  upper  end^  and 
the  surface  water  washes  down  the  light  mineral  to  the  lower  or  tail  end. 

There  are  two  Chief  classes  of  vanners,  and  a  third  class  which  has  been  recently 
introduced: 

I.  The  side-shake,  which  vibrate  at  right  angles  to  the  direction  in  which  the 
belt  travels. 

II.  The  end-shake,  which  vibrate  parallel  to  the  direction  in  which  the  belt 
travels. 

IIL  Gyrating. 

The  data  on  all  kinds  of  vanners,  as  obtained  from  the  mills,  aie  given  in 
Table  314. 

I.      SIDE-SHAKE  VANNERS. 

§  480.  The  PkuB  Vanneb  (Pig.  381)  has  a  main  frame  0,  resting  upon  four 
posts  S,  which  are  mortised  into  two  heavy  cross  sills.  Wedges  12  are  provided 
to  take  up  the  slack  between  the  posts  and  the  main  frame.  This  frame  consists 
of  two  longitudinal  timbers  0  and  three  cross  timbers  X  bolted  together.  Its 
slope  can  be  varied  from  nothing  up  to  8  inches  or  more  in  12  feet^  by  means  of 
wedges  IS  (or  jack  screws  acting  at  the  same  points).  It  has  eight  toggle 
blocks  b  for  supporting  the  shaking  frame.  These  blocks  have  sockete  supplied 
with  rubber  cushions  in  the  bottom  for  supporting  the  toggles  N,  and  the  blocks 
have  slots  which  allow  them  to  slide  in  or  out  on  their  supporting  bolts  a  total 
distance  of  about  2  inches,  for  the  adjustment  discussed  at  the  end  of  §  487.  On 
each  end  of  the  middle  cross  timber  is  a  lug  14,  to  which  is  attached  the  longi* 
tudinal  guide  bolt  V  connecting  with  the  shaking  frame.  The  boxes  XXX  for 
the  crank  shaft  H  are  bolted  to  the  prolongation  of  the  cross  timbers,  and  they 
have  slotted  bolt  holes  which  allow  them  to  be  moved  toward  or  away  from  the 
belt.  The  hanger  8  for  the  worm  wheel  L  is  bolted  to  the  upper  end  of  one  of 
the  longitudinal  timbers  0. 

The  shaking  frame  P  consists  of  two  longitudinal  timbers  into  which  five  cross 
timbers  are  notched,  and  all  are  held  together  by  five  cross  bolts.  Bolted  to  each 
side  there  are  four  toggle  blocks  d,  which  serve  to  support  the  frame  upon  the 
toggles  N\  The  boxes  for  the  two  end  rollers  are  attached  to  the  ends  of  the 
longitudinal  timbers,  with  bolt  slots  to  allow  for  adjustment  in  and  out,  and  set 
screws  for  this  adjustment.  These  set  screws  are  used  to  square  the  rollers,  and 
to  some  extent  to  take  up  any  slack  in  the  belt.  They  may  also  be  used,  on  the 
lower  end  roller,  to  guide  the  belt,  bearing  in  mind  that  the  latter  always  runs 
toward  its  loosened  side.  The  dipping  roller  B  is  hung  from  long  hangers  P, 
the  tightening  roller  C  on  short  ones.  In  order  to  withstand  the  shake  of  the 
frame,  each  pair  of  hangers  is  braced  by  two  diagonal  rods  connecting  the  two 
hangers  and  having  lock  nuts  on  each  end.  The  chief  means  of  guiding,  as  well 
as  of  tightening,  the  belt  consists  of  the  hand  screws  16,  which  control  the  posi- 
tion of  the  roller  C.  To  guide  the  belt  toward  either  side  of  the  machine  the  end 
of  C  that  is  on  that  side  Siould  be  moved  toward  the  head  of  the  machine.  The 
tightening  roller  is  shorter  than  the  others  and  has  rounded  edges  io  save  the 
belt  flange.  At  i  7  are  the  lugs  by  which  the  guide  rods  V  connect  the  shaking 
frame  to  the  main  frame.  These  guide  rods  have  lock  nuts  at  both  ends  to 
square  the  whole  shaking  frame  and  to  give  it  longitudinal  stability.  The  bolts 
that  hold  the  lugs  17  are  the  same  that  hold  the  toggle  blocks  at  the  tail  end  of 
the  shaking  frame  and  also  the  boxes  for  the  large  tail  roller.  Similarly,  the 
bolts  that  hold  the  toggle  blocks  at  the  head  end  of  the  shaking  frame  also  hold 
the  boxes  for  the  large  head  roller.  Twelve  small  rollers  D  are  mounted  upon 
the  shaking 'frame  to  support  the  belt.    They  arc  spaced  12  inches  apart,  except 
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the  four  upper  rollers,  which  are  set  closer  in  order  to  make  a  smoother  plane 
where  the  final  cleaning  is  done.  The  boxes  in  whidi  these  little  rollers  run  are 
adjustable  in  and  out,  in  order  to  allow  the  rollers  to  run  easily  M^ithout  rattling. 
All  the  rollers,  both  large  and  small,  are  made  of  galvanized  iron.  The  cotir 
centrating  plane  is  that  portion  of  the  belt  surface  that  is  tangent  to  the  tail 
roller  and  the  ten  little  rollers  above  it.  The  cleaning  plane  is  that  portion  of 
the  belt  surface  that  is  tangent  to  the  head  roller  and  the  three  little  rollers  below 
it,  and  with  a  smooth  belt  it  has  a  slope  that  is  steeper  than  that  of  the  con- 
centrating plane  by  i  inch  in  its  length  of  25  inches,  due  to  the  fact  that  the 
head  roller  is  elevated  ^  inch  above  the  concentrating  plane.  With  a  corrugated 
belt  the  head  roller  is  elevated  J  inch  above  the  concentrating  plane.  The  feed 
distributor  2  is  fastened  to  the  shaking  frame  by  means  of  slotted  bolt  holes,  so 
that  its  height  and  slope  can  be  adjusted.  It  has  a  copper  amalgam  box  or  trap 
18,  distributing  blocks  19,  and  on  its  lip  a  sheet  iron  gutter  20  punched  vfrith 
i-inch  holes  1  inch  apart.  This  distributor  spreads  the  pulp  evenly  across  the 
belt,  and  the  copper  box  serves  to  catch  amalgam  when  the  pulp  comes  from 
amalgamated  plates.  The  cast  iron  wash  water  distributor  2,  which  stands  upon 
the  main  frame,  is  provided  with  little  brass  spouts  1^  inches  apart  It  can  be 
leveled  by  lock  nuts  on  its  two  supporting  posts,  and  the  quantity  of  water  fed 
to  it  from  the  pipe  6  is  regulated  by  the  c(^  6.  With  a  corrugated  belt  the  wash 
water  has  a  little  greater  drop  than  with  a  smooth  belt,  and  is  applied  from  two 
rows  of  spouts,  alternately  longer  and  shorter. 

The  main  shaft  H  is  supported  upon  the  three  boxes  Z,  and  receives  power 
through  the  pulley  /.  It  transmits  a  sidewise  shaking  motion  to  the  shaking 
frame  F,  through  the  cranks  0,  the  connecting  rods  R  and  the  fastening  bolts  T, 
the  total  throw  being  1  inch.  It  also  transmits  power,  by  the  cone  pulley  J, 
the  worm  Bhaf  t  K,  the  worm  Z,  the  worm  wheel  L,  the  crank  21  and  the  spiral 
spring  connecting  rod  M,  to  the  head  roller  A^,  which  causes  the  travel  of  the  oelt. 
As  it  is  necessary  that  the  speed  of  the  belt  may  vary,  the  hand  screw  m  can  move 
the  flanged  pulley  W  on  a  spline  from  the  large  to  the  small  end  of  the  cone  J 
to  suit  tJl  demands  of  speed.  The  shaft  K  is  suspended  by  the  hanger  Y.  The 
latter  can  be  revolved  upon  its  supporting  axis,  by  means  of  the  hand  stop- 
screw  a,  suflSciently  to  raise  the  pulley  W  off  from  its  little  driving  belt.  By 
this  means  the  travel  of  the  vanner  belt  may  be  stopped  while  the  shaking  motion 
continues. 

When  a  vanner  is  started  it  should  be  examined  to  see  that  all  the  bolts  and 
wedges  are  tight,  that  the  little  rollers  are  lined  up  to  true  the  concentrating 
plane,  and  the  large  rollers  adjusted  to  prevent  excessive  bagging  of  the  belt  be- 
tween the  little  rollers.  The  machine  being  in  motion,  the  proper  quantity  of 
water  is  turned  on  through  the  water  distributor  2,  and  pulp  of  the  right  con- 
sistency is  fed  through  the  pulp  distributor  J.  Starting  from  the  tail  roller  4, 
(Fig.  381),  the  endless  belt  moves  slowly  up  over  the  little  rollers  of  the  con- 
centrating plane,  receiving  its  pulp  from  1;  then  passes  up  over  the  rollers  of 
the  cleaning  plane,  under  the  water-distributor  2,  over  the  head  roller  A^  and 
down  into  the  tank  i,  where  the  belt  is  immersed  by  the  roller  B  to  remove  the 
adhering  concentrates.  It  receives  a  final  cleansing  from  the  spray  pipes  22 
and  2S,  and  then  passes  over  the  tightening  roller  C,  and  returns  beneath  the 
tail  roller  A^  to  repeat  these  operations.  The  tailings  are  carried  down  the  slope 
of  the  belt  bv  the  water  current,  and  discharged  to  the  apron  2J^  and  the  waste 
trough  8.  The  wash  water,  the  quantity  of  which  should  be  kept  at  a  minimum, 
is  used  to  remove  ^e  last  of  the  quartz  from  the  heads;  and  it  also  keeps  the 
ore  bed  on  the  cleaning  plane  thoroughly  wetted.  If  points  or  fingers  of  ore 
form,  with  crests  uncovered  by  water,  ore  will  float  oflf  by  greasy  flotation  and 
pass  into  the  tailings. 


§  481  FINE  SAND  AND  SLIME  a0NCENTBAT0B8.  647 

The  concentrates  may  collect  in  the  tanks  and  either  be  hoed  out  or  may  run 
out  continuously  through  small  spigots.  In  either  case  there  will  be  an  overflow, 
which  goes  to  settling  boxes  to  save  the  fines.  In  Mill  40  there  were  two  i-inch 
spigots  in  the  bottom  of  each  tank,  and  these  left  a  small  amoimt  of  water  to 
overflow.  More  recently  this  mill  has  adopted  a  new  method,  which  does  away 
with  the  tank.  The  whole  vanner  is  raised  one  or  two  feet  higher  than  usual, 
the  dipping  roller  brought  considerably  forward,  and  an  apron  placed  beneath 
and  parallel  to  the  belt  where  the  latter  passes  from  the  dipping  to  the  tightening 
roller.  The  concentrates,  removed  from  the  belt  by  inside  and  outside  spray 
pipes,  run  down  the  apron  into  a  launder  that  extends  along  the  whole  row  of 
vanners  at  their  head  ends. 

An  automatic  sulphuret  discharge  roll  is  used  in  Mills  41  and  73.  This  roll 
{S,  Fig.  384a),  is  placed  on  the  outside  of  the  belt  directly  beneath  the  head 
roller,  and  takes  most  of  the  sulphurets  off  the  belt,  delivering  them  nearly  dry 
in  a  box,  on  a  board  or  on  the  floor  in  front  of  the  heads  tank,  leaving  them  more 
accessible  and  in  better  condition  for  shoveling  than  by  the  usual  method.  The 
belt  then  dips  into  the  usual  tank  to  remove  the  little  remaining  concentrates. 

§  481.  Tne  belt  is  of  two-ply  rubber  (about  0.175  inch  thick)  and  has  flanges 
on  the  edges  to  confine  the  ore  and  water.    The  width  is  either  4  or  6  feet.    The 


FIG.   382. — ^LORINO  VANNEB  BELT. 

FIG.  383. — WOODBURY  VANNEB  BELT. 

length  of  the  concentrating  and  cleaning  surface  is  12  feet.  The  original  Frue 
belt  has  an  erect  flange  1|  inches  high.  This  flange  is  made  of  high  grade,  very 
elastic  rubber,  which  stretches  in  passing  over  the  end  rollers,  returning  to  its 
normal  form  after  passing  them.  The  Loring  belt  (Fig.  382)  has  a  very  thick 
flange  of  soft,  high  grade  rubber.  It  is  vertical  on  the  inner  side  and  roimds 
down  on  the  outer  to  a  thickness  greater  than  its  height.  It  has  in  it  a  layer 
of  duck  which  helps  it  to  maintain  its  shape.  At  Mills  65,  73  and  74  this  is 
preferred  to  all  others.  The  Woodbury  belt  (Fig.  383)  has  a  crimped  flange, 
which  simply  straightens  on  going  over  the  rollers,  with  less  stretching  than  tiie 
other  forms.  The  Blasdel  belt  has  a  flange  which  leans  inward  at  a  slope  of 
about  60*.  As  this  goes  over  the  end  roller  it  partially  lies  down  inward,  and 
therefore  does  not  stretch  excessively.  At  Mill  57  this  is  preferred  to  all  others. 
The  Brownell  flange  is  erect,  like  the  Frue,  but  is  folded  over  outward  upon 
itself.  In  passing  over  the  end  roller  it  flattens  outwardly,  and  so  partly  avoids 
the  stretching.  This  is  preferred  to  others  at  Mill  59.  The  Summerhayes  flance 
is  hollow  or  tubular.  The  inner  wall  stands  vertical,  the  outer  bows  outward. 
This  flange  flattens  and  inclines  outward  during  its  passage  over  the  end  rollers. 
For  the  practice  in  the  use  of  flanges  see  Table  314. 

The  belt  generally  has  a  smooth  surface,  but  corrugated  belts  (originated  by 
F.  B.  Morse)  are  also  used.     The  latter  have  V-shaped  grooves  running  across 
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TABLE  314. — ^ADJUSTMENT,  FEED  AND  OAPAGITT  OF  HILL  VANNEB8. 

AbbreviatloBS.— IxLsInchee;  B.sroand  holes  In  stamp  screens;  8<i.ssqu*re  lioles  in  stamp 


Kind  of 
Vanner. 


Belt. 


^1 


Slope. 


Inches 
in  19 

Feet 


Degress. 


go. 


Feed. 


Sooroe. 


Mazi- 


Slse. 
(aO 


18 
19 
90 
94 

»\ 


80 
81 
89 
84 
85 

"{ 

87 
88 


40 


eo 

61 

89 
68 

"I 
«{ 

68 
60 

71 

79 

78 

^^ 

TV 

78 

69. 
88 

88 
87 
88 


Frue 

Frue 

Frue 

Frue 

Johnston., 

Woodbury^ 
Woodbury  flf' 

Woodbury^ 

Frue 

Frue 

Frue 

Frue 

Frue 

Frue 

Frue 

Frue 

Frue 

Frue 

Frue. 
Frue. 


Frue 

Frue 

Frue 

Blasdel... 


Feet. 
4 
4 


6-m 


9»9B'-«»B0' 


In. 
66H 


906-910 


94-86 

19 

94-60 


9»0' 


Woodbury.. 
Woodbury.. 
Woodbury.. 

Blasd^^T. 


9 

8 
4.4 

6.1 

8.4 

8.8 


0«60' 
10  19' 
1045/ 

9*  86' 

0«86' 
0«4B' 
1»90' 
1»80' 


80 
78 
80c 
85? 


190 
100 
106 
116 


930 
880 


44 
44 


4 
4&6 


{^ 


Frue.. 


m 


Tulloch....] 


Embrey, 

Frue 

Frue 

Woodbury  g* 

Frue 

Frue 

Frue ( 

Triumph...  ) 

Triumph 

Frue 

Frue 

Triumph . . 


Canyas I 

Bubber f 


Frue 

Woodbuiy 

Blasdel  (60  *•• 


THumph... 


Frue. ^ 

Woodbury  a' 
Woodbury  A' 

Frue 

Triumph 

Frue 

Frue 

Triumph..... 

Frue 

Union 

Frue 

Frue 


Smooth     sur- 
face  

Blasdel  (07..... 
Blasdel  (C).... 

Frue 

Blasdel  (C)..... 

Iriumph ^ 

BrowneU ! 

Woodbury...  f 
Blasdel  (A -J 
BlasdeUcO...  ( 
Woodbury... ) 

[Woodbury... 
Blasdel  (60.... 
Blasdel  (2»0**** 
Frue 

Blasdel 
Blasdel 
Frue. 
Frue. 


Frue 

Woodbury  y* 


Frue.. 


Tulloch.. 

Frue 

Frue 

Frue 

Oates.. 

Woodbuiy... 

Frue.. 

Frue.... 

Frue 

fVue 

Frue 

Frue 

Woodbury  g' 
Woodbury  5' 


Frue.. 

Woodbury. 

Loring. 

Frue..c., 

BrowneU 

Blasdel 

Bla8del(e0  .  . 
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(a)  OravitT  stamps.  (5)  Huntington  mill,  (c;  Bryan  mill,  (d)  Griffin  mill.  («)  Spigots  of  whole  current 
flanjrinrr  if)  Separate  spigots  of  whole  current  classifier,  (y)  Spigots  of  No.  1  whole  current  classifier.  (0 
toigots  of  MO.  fl  whole  current  classifier,  ifc)  Spigot  of  whole  current  olassifler  mixed  with  finest  Jig  tailings. 
(0  OTerflow  of  No.  8  whole  current  classifier  mixed  with  slime  table  middlings,  (m)  First  spigot  of  surftuse 
current  classifier,  (o)  Second  spigot  of  surface  current  classifier,  (p)  Second  spigot  of  box  classifier,  (r) 
Overflow  of  hydraulic  classifier.  («)  Spigot  of  No.  8  hydraulic  classifier,  it)  Setclmgs  from  settling  tank,  (v) 
Carpet  table  tailings,  (w)  Slime  table  middlings,  (x)  Canvas  table  heads,  {y)  TaUingH  of  finest  Jig.  («)  Pre- 
ceding Tanners.  (crrThese  figures  are  the  diameters  of  holes  in  the  eravitv  stamp  screens  when  new.  As  the 
screens  wear  the  sise  of  particles  will  increase  slightly.  (6')  Smootn  surface,  (c'j  Corrugated  surface.  (dO 
Moreorleot.   (sOSomemore  than  nine  years,  some  less,    (y')  With  7  belts.    (/O  with  18  belts. 


FIG.   381. — FHUE  VANNER. 


the  belt,  the  rides  of  the  V  making  a  60°  angle.  These  grooves  have  been  made 
as  wide  as  \  inch,  and  as  narrow  as  Vr  ii^ch.  They  increase  the  catching  power 
of  the  belt  very  greatly,  yielding  cleaner  tailings;  but  they  also  unavoidably 
carry  extra  quartz  into  the  heads.    The  finest  sizes  of  corrugations  appear  to 
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be  best  adapted  for  securing  the  advantage  of  this  device,  with  less  tendency  to 
carry  up  quartz  into  the  heads.  A  plain  belt  and  a  corrugated  belt  running 
side  by  side  were  tested  on  a  silver  ore  composed  of  blende,  gray  copper,  pyrite, 
galena,  chalcopyrite  and  ruby  silver.^*  The  ore  was  stamped  through  a  l^-mesh 
screen  and  treated  in  a  hydraulic  classifier.  The  overflow  went  to  a  settling 
tank  and  the  product  from  the  spigot  of  the  latter  was  divided  in  two  equal 
parts  and  sent  to  the  vanners.  Each  figure  in  Table  315  represents  the  total 
or  average  of  several  days*  run,  in  most  cases  six  days.  The  results  of  these 
tests  show  that  the  corrugated  belt  makes  cleaner  tailings,  often  halving  their 
silver  contents,  but  that  it  throws  more  quartz  into  the  heads.  Less  attention 
was  given  in  these  tests  to  getting  the  cleanest  tailings,  because  they  were  sent 
to  other  concentrators  to  be  treated  again. 


TABLE  315. — COMPARATIVB  RESULTS  WITH  PLAIN  AND  WITH  CORRUGATED  VANNBB 

BELTS. 

Percent 
of 

Sul- 
phides 
in  the 

Ore. 

Silver 
inBat- 

Pu^. 
Ounces 
per  Ton 

Plain  Belt 

Corrugated  Belt 

Ck>noentratea. 

Tail- 
ings. 
Ounces 

of 

Silver 

per  Ton 

Concentrates. 

Tan- 

Lot 

Weight 
Pounds 

Ounces 

of 
Stiver 
per  Ton 

Total 
Silver 
Con- 
tents. 

Pounds 

Ounces 

of 
Silver 
per  Ton 

Total 
SUver 
Con- 
tents. 

Ounces 

of 
saver 
per  Ton 

A. 

7.0 
9.8 

6.7 
6.0 

22.7 
22.2 
18.3 
14.2 

4,209 
6,828 

8,oeo 

4,850 

807.6 
216.6 
120.8 
144.7 

Ounces 
496.8 
676.6 
186.0 
814.7 

4.9 

5,500 
6,656 
4,750 
6,780 

174.1 
184.0 
108.1 
120.9 

Ounces 
478.7 
612.4 
244.9 
406.8 

B 

c 

8  4 

D 

8  7 

Totals  and  averages 

16,962 

178.5 

1,514.0 

28,626 

147.5 

1,742.8 

E. 

12.6 
11.6 
14.5 

14. a 

52.8 
28.8 
45.0 
62.6 

6,750 
8,890 
4,580 
8,910 

262.9 
170.7 
215.0 

288.8 

887.4 
289.4 
487.1 
664.6 

18.0 
17.0 
8.2 
15.1 

9,220 
6,770 
7,270 
4,960 

212.9 
182.7 
199.5 
260.4 

961.6 
882.9 
725.0 
621.0 

7  6 

F......V...... ;;.;::::: 

7  9 

G 

6  6 

H 

18  4 

Totals  and  averages 

18,580 

239.9 

2,228.5 

27,280 

199.2 

2,710.6 

I 

24.0 

83.7 

8,060 

827.2 

608.9 

10.9 

4,550 

291.0 

662.1 

7 

Modifications  of  the  corrugated  belt  have  been  devised,  using  a  narrow  band 
of  corrugations  and  a  wide  band  of  plain  surface  on  the  belt.  This  form  has 
met  with  considerable  favor.  The  corrugated  spaces  come  forward  periodically 
and  sweep  up  grains  of  ore  that  a  plain  belt  might  lose.  At  the  same  time,  the 
contamination  of  the  heads  by  quartz  is  largely  prevented.  At  Mill  58  bands 
of  corrugations  4^  inches  wide  are  interspaced  with  bands  of  plain  surface  10 
inches  wide.  The  corrugations  consist  of  60**  grooves  \  inch  wide  alternating 
with  others  |  inch  wide.  This  belt  was  found  to.  carry  up  too  much  sand.  At 
Mill  74,  a  1-inch  band  of  60°  corrugations,  each  -^  inch  wide,  and  having  bands 
of  smooth  belt  3  feet  wide  between  them,  proved  satisfactory.  At  Mill  57,  the 
same  arrangement  as  the  last,  only  differing  in  the  width  of  the  plain  band, 
which  was  2  feet,  proved  satisfactory.  At  Mill  60  3-inch  bands  of  ^-inch 
corrugations  alternate  with  4-foot  bands  of  plain  surface.  George  Gates  has 
designed  a  belt  with  a  surface  having  many  fine  pits  approaching  coarse  sand 
paper  in  roughness.     It  is  applicable  to  both  end-shake  and  side-shake  vanners. 

Mill  41  uses  a  canvas  belt,  which  costs  $7  against  $120  for  rubber,  and  lasts 
6  months  against  4  years  for  the  rubber;  that  is,  the  rubber  belt  costs  17  times 
as  much,  but  lasts  only  8  times  as  long  as  the  canvas.  The  author  is  unable  to 
state  the  comparative  effectiveness  of  treatment.  The  canvas  probably  holds 
the  ore  better  than  the  smooth  rubber,  but  it  would  depart  more  from  a  true 
plane  in  going  over  the  little  rollers  than  would  the  stiffer  rubber  belt.     With 
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proper  care,  rubber  belts  generally  last  from  three  to  five  years,  depending  on 
the  amount  of  idle  time  (see  Table  314). 

§  482.  Modifications  of  the  Fbue  Vanner. — The  Union  Iron  Works  make 
a  Frue  vanner  using  four  iron  posts  as  the  main  frame  (Fig.  384a),  with  an 


FIG.    384fl. — ^UNION   VANNER. 

iron  shaking  frame  and  with  two  adjustable  eccentrics,  in  place  of  fixed  cranks, 

to  allow  of  variation  in  the  amount  of  throw.     This  puts  one  more  adjustment 

under  the  control  of  the  mill  man.     It  is  quite  probable  that  a  larger  number 

1  of  shorter  strokes  will  be  suitable  for  fine  pulp,  while  fewer, 

^mS^  longer  strokes  will  suit  coarse  pulp.     The  forward  motion 

^K|  of  the  belt  is  effected  by  cone  speed  pulleys  and  worm  gear  on 

^^^  ^m  the  fixed  frame,  connected  by  chain  and  sprocket  to  the  shak- 

^^^jB  ing  frame.     The  latter  is  suspended  on  four  links   (Fig. 

^^B  3846).     The  slope  of  the  belt  is  adjusted  by  means  of  the 

▼^H  hand  screws  i,  and  the  clamps  2,    The  main  frame  is  fixed, 

*  I  the  crank  shaft  being  set  at  the  average  slope  of  the  shaking 

I  frame.     Any  variations  in  the  latter  are  taken  up  by  the 

H  flexibility  of  the  connecting  rods. 

^^  Iron  frames  are  more  durable  than  wood,  but  they  do  not 

j^Bi        take  up  the  jar  so  well. 

The  Risdon  Iron  Works  make  a  vanner  with  four  iron 
posts  for  the  main  frame  and  an  iron  shaking  frame ;  and  a 
special  device  for  giving  the  forward  travel  to  the  belt,  con- 
sisting of  speed  cone  pulleys  and  shipper,  and  a  sprocket 
and  chain,  all  upon  the  main  frame,  transmitting  fo  a 
flexible  shaft  with  two  universal  joints  in  it,  and  a  worm  gear, 
on  the  shaking  frame,  acting  directly  on  the  head  roll.  The 
shaking  frame  is  supported  upon  four  toggles,  and  the  toggle 
blocks  below  are  suspended  from  four  rods  with  leveling  screws.  When  the  right 
level  is  gained  the  toggle  blocks  are  clamped  in  place  by  nuts.  It  puts  the  dip- 
ping roller  almost  under  the  head  roller,  and  uses  two  tightening  rollers.  The 
main  frame  is  much  the  same  as  that  of  the  Union  Iron  Works  machine. 

ne  Oates  Iron  Works  make  a  device  for  driving  the  belt  of  a  side-shake 
Tanner,  consisting  of  a  crank  on  the  shaft  of  the  head  roller  driven  by  a  corre- 
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sponding  crank  on  the  shaft  of  the  worm  wheel  (L^  Fig.  381),  the  two  cranks 
having  a  sliding  contact  to  provide  for  the  side  motion  of  the  shaking  frame. 

The  Colorado  Iron  Works  drive  the  belt  of  a  side-shake  vanner  by  means  of 
a  link  connection. 

The  Tulloch  Concentrator  is  a  side-shake  vanner  which  has  a  rocking  motion 
upon  pivots  below.  The  vertical  rocking  radius  of  the  head  end  is  32  inches 
long,  of  the  tail  end  is  30  inches  long.  This  mechanism  gives  the  belt  a  1-inch 
horizontal  movement  in  the  center,  and  a  IJ-inch  rising  movement  on  one  edge, 
with  a  corresponding  falling  movement  on  the  other  edge;  all  of  which  are  re- 
versed on  the  return  movement.  The  effect  of  this  motion  is  seen  in  the  pulp 
bed,  which  is  thickest  in  the  middle  of  the  belt,  and  thins  out  toward  the  edges, 
not  quite  reaching  the  flanges  of  the  belt.  Mill  74  has  sixteen  Tulloch  and  eight 
Frue  vanners,  and  each  vanner  treats  12^  tons  (dry  weight)  of  stamp  mill  pulp 
in  24  hours. 

The  Johnston  Concentrator,  also  made  by  the  Risdon  Iron  Works,  is  a  side- 
shake  vanner  with  a  rocking  motion  somewhat  similar  to  that  of  the  Tulloch,  but 
obtained  by  very  different  mechanism.  The  shaking  frame  is  suspended  on  four 
rods  which  slope  inward  and  downward  and  which  therefore  give  a  horizontal 
motion  to  the  center  of  the  belt  and  a  lifting  motion  to  the  rear  edge,  the  rise 
probably  being  more  gentle  than  on  the  Tulloch. 

The  Norbom  Concentrator,  made  by  the  Joshua  Hendy  Machine  Works,  substi- 
tutes spring  arms  for  the  toggles  of  the  Tulloch  Their  supports  can  be  moved 
inward  to  give  a  rocking  motion  analogous  to  that  of  a  vessel's  deck,  or  outward 
for  a  motion  analogous  to  the  swing  of  a  hammock. 

II.      END-SHAKE  VANNERS. 


§483.  The  Triumph  Concentrator.— This  machine  (Fig.  385)  resembles 
the  Frue  vanner  in  many  respects.  The  essential  difference  is  in  the  direction 
of  the  shaking  motion,  which  is  endwise.    It  is  made  with  an  iron  main  frame 


FIG.   385. — TRIUMPH  vanner. 


1,  which  is  fixed,  and  an  iron  shaking  frame  2,  which  oscillates  endwise  on  ten 
wooden  toggles  S.  It  receives  its  shaking  motion  and  endwise  stability  from 
two  connecting  rods  4,  and  its  sidewise  stability  from  four  rods  5.  It  has  a 
head  roller  6,  tail  roller  7,  dipping  roller  8,  and  lightening  roller  9,  and  twelve 
little  supporting  rollers  10.  The  head  roller  is  made  slightly  crowning  in  the 
center  to  keep  the  belt  true.     The  power  is  received  by  u  pulley  11,  and  delivered 
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tlurough  cranks  to  the  connecting  rods  4.  The  cranks  make  from  200  to  240 
revolutions  a  minute.  The  belt  travel  is  imparted  by  the  friction  disc  12y  and 
pulley  IS,  the  worm  H  and  gear  16,  and  pinion  and  gear  16.  It  may  be  in- 
creased or  decreased  by  moving  the  friction  pulley  18  from  or  toward  the  center 
of  the  disc  12.  The  little  counter  shaft  for  making  this  adjustment,  simply 
slides  in  its  boxes  by  the  action  of  the  hand-screw  22  and  the  arm  2S,  The 
slope  is  varied  by  ^blocking  up  the  sill  2Ji.  under  the  main  frame  i.  The  pulp 
distributor  i7  is  attached  to  the  shaking  frame,  2,  and  the  wash  water  dis- 
tributor,  18,  to  the  main  frame  i.  The  heads  tank  19  is  raised  and  lowered 
with  the  main  frame  i.  It  is  so  constructed  that  the  heads  can  be  withdrawn 
by  a  hoe  into  a  box  20  in  front,  from  which  they  are  shoveled  to  a  wheel- 
barrow. The  tightening  roller  9  can  be  swung  upon  and  bolted  to  the  semi- 
circular piece  21  in  order  to  tighten  the  belt ;  and  to  guide  the  belt,  the  piece 
21  can  be  moved  a  short  distance  toward  the  head  or  tail,  by  set  screws.  The 
belt  moves  toward  that  end  of  the  tightening  roller  which  is  swung  toward  the 
head  end  of  the  machine.  The  feed,  the  operation  and  adjustments  of  the  end- 
shake  vanners  are  much  the  same  as  those  of  the  Frue.  Adjustments  to  get  rid 
of  side  banks  are  not  needed. 

Oborge  Gates,  of  Jackson,  California,  has  designed  a  modified  Triumph  van- 
ner  for  finishing  extremely  fine  material  that  has  already  been  partially  con- 
centrated on  a  canvas  table.  In  Mill  78  this  vanner  is  4  feet  wide  by  8  feet 
long.  The  little  rollers  are  placed  6  inches  apart  and  Gates  thinks  4  inches 
would  be  better.  The  belt  is  quite  loose,  but  is  kept  flat  by  the  large  number  of 
little  rollers.  It  has  an  adjustable  end  shake  and  uses  -j^-inch  throw.  It  makes 
240  throws  per  minute  for  the  coarser  grade  and  224  for  the  finer.  The  slope 
is  1^  inches  in  1  foot,  equivalent  to  18  inchea  in  the  12-feet  length  of  an  ordinary 
vanner.  The  travel  is  85  inches  per  minute.  The  reasons  for  these  unusual  ad- 
justments are  explained  under  the  heading  travel,  slope  and  pulp  water,  §  487. 
Gates'  rule  is  that  the  finer  the  pulp  the  greater  should  be  the  slope  and  travel, 
and  the  less  the  water.  When  fed  with  pulp  assaying  $30  per  ton,  it  brings  it 
up  to  $100,  the  tailings  being  treated  on  a  special  set  of  canvas  tables.  Both 
the  feed  jets  and  the  wash  water  jets  are  2  inches  apart  and  in  the  same  paths. 
This  allows  wide  bands  of  concentrates  to  come  up  to  the  head  of  the  machine 
without  being  disturbed  after  they  have  once  settled  on  the  belt. 

The  Embbey  Conoektratob  is  a  belt  vanner  with  an  end  shake.  It  is  made  in 
two  forms,  known  as  the  four  roller  and  the  five  roller  patterns,  with  iron  frames 
and  with  wooden  frames  respectively.  The  latter  has  the  lightest  shaking  parts 
of  any  of  the  vanners,  and  will  now  be  described.  The  main  frame  0  (Fig. 
386),  is  in  halves,  and  consists  of  longitudinal  caps,  sills,  posts  and  braces,  with 
cross  sills  and  bolts  to  hold  the  two  halves  together.  On  the  inside  of  the  caps 
are  hung  the  six  stirrups  h,  which  are  adjustable  vertically  and  which  support 
the  lower  ends  of  the  six  toggles  N.  For  greater  variation  in  slope  than  can  be 
obtained  by  these  stirrups,  the  main  frame  Q,  is  wedged  up  or  down.  The 
shaking  frame  F,  is  of  wood  and  has  upon  it  a  head  roller  A*,  a  tail  roller  A, 
and  ten  little  rollers  D.  The  distance  from  center  to  center  between  the  head 
and  tail  rollers  is  10.4  feet.  Plumb  under  the  head  and  tail  rollers  are  two 
large  rollers  B  and  W,  which  are  supported  on  the  main  frame.  The  roller  B, 
serves  as  a  dipping  roller  to  discharge  concentrates  and  is  also  a  tightening  roller. 
The  roller  B  communicates  the  traveling  motion  to  the  belt,  and  also  holds  the 
end  portion  of  the  belt  vertical.  The  true  tightening  roller  is  C,  under  the 
shaking  frame,  near  its  center  and  attached  to  one  of  the  braces  of  the  main 
frame.  This  construction  gives  the  shaking  frame  less  to  carry,  by  two  large 
rollers  and  their  hangers,  than  any  of  the  other  designs.  The  power  is  applied 
by  belt  and  pulley  I,  to  the  shaft  U  on  the  lower  end  of  the  machine,  having 
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two  fly-wheels  Q,  two  eccentrics  0,  and  connecting  rods,  R.  The  latter  con- 
nect directly  with  the  lower  end  of  the  shaking  frame.  The  travel  of  the  concen- 
trating belt  is  obtained  through  the  cone  speed  pulleys  J' J,  the  bevel  gears  P, 
the  worm  shaft  K  and  worm  gear  L,  which  is  attached  to  the  lower  tail  roller  fi*. 
Longitudinal  stability  is  given  by  the  connecting  rods  B,  and  lateral  stability 
by  cast  iron  standards^  a^  a!  and  a'\    The  shaft  is  given  ^00  to  220  revolutions 


FIG.    386. — EMBREY  VANNER. 


with  a  throw  of  f  inch.  The  concentrating  belt  is  4  feet  wide  outside  the 
flanges.  The  wash  water  is  distributed  by  a  pipe  with  many  little  spouts,  and 
this  pipe  is  given  an  oscillating  motion  across  the  belt  by  a  bell  crank  Jc,  which 
is  connected  to  the  shaking  frame  by  the  strap  c.  The  inclination  generally 
used  is  3  inches  in  10.4  feet. 

Woodbury  Vanners  are  made  either  with  end-shake  or  with  side-shake.    The 
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end-shake  will  be  here  described.  There  are  three  important  differences  be- 
tween this  and  the  other  end-shake  vanners :  Firsts  several  narrow  belts  are  used 
instead  of  one  wide  belt ;  second^  the  concentrates  that  are  settled  upon  the  belt 
mostly  pass  up  unmolested  by  the  feed  distributor.  This  is  done  by  putting 
on  the  feed  pulp  in  rows  or  files  of  holes,  7  holes  to  a  file,  which  are  lined  up 
with  the  length  of  the  belt,  leaving  wide  spaces  of  the  belt  to  travel  up  past  the 
feed  without  having  the  settled  ore  particles  molested  by  it;  and  third,  the 
flanges  on  the  edges  of  the  belt  are  crimped,  thus  causing  almost  no  stretch  in 
the  rubber  while  going  over  the  rollers.  The  machine  has  a  main  frame  of  iron, 
standing  upon  wooden  sills.  Ten  wooden  toggles  stand  upon  the  main  frame,  and 
upon  these  the  iron  shaking  frame  is  carried.  The  latter  carries  a  head  roller,  tail 
roller,  dipping  roller,  tightening  roller  and  eleven  little  rollers.  Its  lateral 
stability  is  obtained  by  four  transverse  bolts  connecting  it  with  the  main  frame. 
Its  longitudinal  stability  is  provided  by  the  connecting  rods  which,  being  driven 
from  the  shaft  at  the  head  end,  cause  the  vibration  of  the  shaking  frame.  The 
eccentrics  to  which  these  connecting  rods  are  attached  are  adjustable  from  no 
throw  to  a  throw  of  2  inches.  The  revolutions  recommended  by  the  maker  are  175 
per  minute,  with  a  throw  of  1  inch  or  1|  inches ;  but  the  revolutions  found  in.  the 
mills  are  generally  220  to  235  per  minute  (see  Table  314),  with  presumably 
less  throw  than  just  mentioned.  The  belt  travel  is  obtained  by  cone  pulleys 
and  belt,  driving  a  little  countershaft  on  which  is  an  eccentric  revolving  inside 
a  gear-wheel.  This  gear-wheel  is  prevented  from  revolving  by  a  radial  arm 
attached  to  it  and  running  in  guides  in  order  to  allow  the  gear  to  gyrate.  As 
the  gear  gyrates  it  meshes  with  an  annular  gear  surrounding  it,  the  number  of 
teeth  in  which  varies  by  one  from  the  driving  gear,  and  consequently  it  advances 
one  tooth  for  every  gyration  of  the  driving  gear.  The  slope  is  varied  by  wedg- 
ing the  head  end  of  the  main  frame.  The  machine  has  four,  seven  or  thirteen 
belts.  The  thirteen  belt  machine  has  belts  5  inches  wide  and  one  file  of  feed 
holes  to  a  belt ;  the  seven  belt  machine  has  belts  9  inches  wide,  two  files  of  feed 
holes  to  a  belt;  and  the  four  belt  machine  has  belts  about  13^  inches  wide  and 
tiiree  files  of  holes  to  a  belt.  Each  of  these  files  of  holes  is  fed  by  its  own  trough ; 
and  the  troughs  radiate  from  a  center,  and  have  over  them  a  revolving  distribut- 
ing bowl  (see  Fig.  387).  In 
this  wajr  the  troughs  all  re- 
ceive a  like  quantity  of  simi- 
lar pulp. 

§  484.  Comparison  of 
Side-Shake  and  End- 
Shake  Vanners. — ^There 
is  a  general  feeling  among 
California  mill  men  that  the 
side-shake  is  better  for 
coarse  slimes  and  the  end- 
shake  is  better  for  fine 
slimes.  The  following  opin- 
ions are  quoted  from  mill  managers  and  manufacturers.  The  end-shake  prin- 
ciple is  preferred  by  Mill  59  for  ordinary  stamp  pulp ;  and  by  Mill  57  because 
it  may  be  given  higher  rate  of  vibrations.  Mill  53  finds  that  less  of  the  finest 
slimes  are  lost  in  ordinary  stamp  pulp  by  the  end-shake  than  by  the  side-shake 
machine.  Mills  78  and  79  find  the  end-shake  far  preferable  to  the  side-shake 
for  very  fine  canvas  table  concentrates.  The  side-shake  principle  is  preferred 
for  ordinary  stamp  pulp  by  Eraser  &  Chalmers,  Union  Iron  Works  and  Mill  26 ; 
and  Mill  58  found  its  side-shake  vanners  mechanically  better  made  than  its 
end-diake.     Adams*  finds  that  while  the  end-shake  vanner  can  make  very  clean 
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tailings,  it  at  the  same  time  throws  more  quartz  into  the  heads  than  does  the  side- 
shake  ;  and  that,  if  sufficient  water  is  used  to  prevent  this^  concentrates  are  loet 
in  the  tailings. 

There  is  a  marked  difference  between  the  manner  in  which  the  concentrates 
are  carried  up  past  the  pulp  distributors  oh  the  two  styles  of  machines.  The 
side-shake  vanner  has  a  pulp  distributor  with  ^-inch  holes  1  inch  apart,  from 
which  streams  of  pulp  fall  upon  the  belt.  The  side  shake  causes  these  streams 
to  waggle  so  much  that  they  more  or  less  disturb  the  concentrates  as  the  latter 
pass  the  distributor.  The  fine  grains  so  disturbed  get  into  the  quick  water  and 
are  carried  down  the  belt  to  settle  again,  and  try  once  more  to  run  the  gauntlet 
of  the  pulp  distributor;  though  the  coarse  grains  easily  pass  up  the  first  time. 
On  the  other  hand,  the  end-shake  vanners  give  an  endwise  waggle  to  the  pulp 
streams,  so  that  the  concentrates  are  less  disturbed  when  passing  up  by  the  dis- 
tributor. On  the  Woodbury  machine  this  advantage  is  increased  by  placing 
the  feed  holes  in  several  single  files  parallel  to  the  length  of  the  belt,  with  quite 
wide  spaces  between  the  files,  for  the  fines  to  pass  up  unmolested,  instead  of  in  a 
single  rank  across  the  belt  with  but  little  space  between  the  holes.  Adams^ 
takes  issue  with  this  savmg  by  the  end-shake  vanner  by  saying  that  it  carries 
too  much  quartz  into  tlie  h^ds.  The  reason  for  this  is  that  the  jets  of  cleaning 
water  tend  to  flow  down  in  gutters  and  the  concentrates  to  come  up  in  little 
banks,  from  which  the  last  of  the  quartz  is  less  easily  removed  than  with  the 
side-shake. 

Another  disadvantage  of  the  side-shake  machines  is  the  formation  of  banks 
and  gutters  at  the  edges  of  the  belt,  in  which  the  separation  cannot  take  place 
as  well  as  in  the  middle.  These  banks  are  due  to  the  fact  that,  as  the  belt 
flange  moves  inward,  it  momentarily  compacts  the  ore  near  it,  and  only  partially 
thins  it  on  the  return  stroke.  This  may  be  largely  overcome  by  running  the 
vanner  with  a  thin  bed  (from  0.15  to  0.20  inch  thick  over  the  little  rollers). 
The  end-shake  vanner  almost  entirely  avoids  the  formation  of  banks  and  gutters, 
and  so  the  treatment  at  the  edges  is  almost  exactly  the  same  as  in  the  middle. 
The  relative  losses  at  the  sides  and  at  the  center  of  a  Frue  vanner  have  been 
tested  in  Mill  40,  where  samples  taken  for  a  period  of  twelve  hours  yielded: 


Middl. 

Edgec 

SilTer,  ounoeB  per  ton 

1.90 
1.06 

8.00 
1.86 

The  TuUoch  vanner  with  its  tilting  side-shake,  has  wholly  done  away  with  the 
edge  banks,  but  it  has  a  much  quicker  current  on  the  edges  than  in  the  center,  and 
samples  show  more  sulphurets  at  the  edges  than  at  the  center.  This  tendency 
to  form  rich  edge  banks  is  an  important  feature  in  comparing  vanners.  Other 
things  being  equal,  the  vanner  that  has  the  least  edge  enrichment  would  seem 
to  be  the  better  machine.  The  author  has  no  data  in  this  direction  for  end- 
shake  vanners. 

The  side-shake  vanner  shakes  its  sixteen  rollers  (twelve  small  and  four  large 
rollers)  endwise,  and  in  so  doing  throws  the  whole  weight  of  the  rollers  against 
their  boxes,  tending  to  move  the  latter  and  produce  a  back-lash,  which  once 
established  makes  a  bump  at  every  throw  of  the  machine  and  forms  a  bank  of 
sand  on  one  side  of  the  belt.  The  end-shake  vanner  has  no  such  cumulative 
effect,  and  hence  the  annoyance  of  bumps  is  much  less  liable  to  occur,  and  of 
banks  still  less,  the  two  connecting  rods  and  eccentric  straps  being  the  only 
points  at  which  a  bump  can  occur. 

Both  practical  experience  and  theoretical  considerations  point  clearly  to  the 
conclusion  that  the  end-shake  principle  is  better  than  the  side-shake  for  very 
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fine  pulp.  For  coarse  pulp^  the  summing  up  of  the  evidence  seems  to  prove 
that  if  clean  heads  are  desired  the  side-shake  vanner  must  be  used;  but  if  the 
cleanest  tailings  are  sought^  even  at  the  expense  of  a  little  extra  quartz  thrown 
into  the  heads^  the  end-shake  vanner  should  be  used. 

III.      GTBATINO  VANNBBS. 

§485.  Gyrating  vanners  receive^  upon  all  parts  of  the  belt^  a  motion  that 
would  be  circular  but  for  the  travel  of  the  belt.  The  two  motions  combined 
give  a  path  like  Fig.  388. 

The  Ellis  Concentrator  gives  a  gyratory  motion  to  the  shaking  frame,  which 
is  supported  on  four  universal  toggles.  The  motion  is  imparted  by  heavy, 
vertical  shafts  carrying  eccentrics  on  their  upper  ends,  the  straps  of  which  are 
bolted  directly  to  the  shaking  frame.  These  eccentrics  are  made  synchronous 
by  gear  transmission.  The  batea  belt,  which  has  disc-like  pits  distributed  over 
its  surface,  acting  in  much  the  same  way  as  a  batea,  is  designed  to  make  use  of 
this  gyratory  motion. 

Snyder  uses  a  gyratory  vanner  shaken  by  an  unbalanced  high-speed  fly- 
wheel.   The  machine  is  prevented  from  shaking  itself  to  pieces  by  making  the 
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Fia.  389. — VINDICATOR  CARD  FROM  FRUB  VANNER. 

frame  light  and  supporting  it  on  six  round  steel  rods,  the  lower  ends  of  which 
are  set  into  cups  fastened  to  the  floor.  Hangers  on  the  wooden  frame  carry 
two  rods  that  extend  across  the  machine  beneath  the  belt.  These  rods  support 
an  X  frame,  which  carries  a  pulley  and  unbalanced  weight  on  a  short,  vertical 
shaft.  This  pulley  is  driven  by  a  2-inch  belt  that  passes  over  guide  pulleys  on 
the  side  of  the  frame,  and  to  an  overhead  driving  pulley.  In  practice  it  has 
been  found  desirable  to  use  a  gyration  of  about  }  inch  and  a  speed  of  about  225 
shakes  a  minute.  No  jar  is  transmitted  to  the  floor,  and  there  is  no  racking  of 
the  frame.  The  belt  travel  is  obtained  from  a  Challenge  feed  clutch  on  the 
head  roll.  The  actuating  arm  of  this  clutch  is  attached  to  the  floor  by  a  flexi- 
ble rod;  and  by  changing  the  point  of  attachment  of  this  rod  to  the  floor,  the 
travel  can  be  varied  from  nothing  up  to  25  feet  a  minute.  Fig.  388  is  a  dia- 
gram taken  directly  from  a  Snyder  vanner,  and  shows  the  path  of  a  point  on  the 
belt  when  the  machine  is  running.  For  comparison,  Fig.  389  is  given,  showing 
the  path  of  a  point  on  a  Frue  belt.'^  These  vanners  were  formerly  used  at  the 
mill  of  the  Ottawa  Gold  Mining  and  Milling  Co.  at  Keewatin,  Ontario,  but  have 
been  replaced  by  Frue  vanners  owing  to  numerous  breaks  and  unsatisfactory 
results. 

OPERATION  OF  VANNERS. 

§  486.  In  using  vanners  it  is  necessary  to  consider  the  proper  quality  of 
feed  pulp,  the  vibrations,  rate  of  travel,  slope,  quantity  of  water,  and  the  depth 
of  the  puJp  bed. 
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Qvality  of  Feed. — ^Pulp  is  fed  to  vanners  from  gravity  stamps  (after  passing 
over  amalgamated  plates  in  most  cases)  in  23  mills  (see  Table  314) ;  and  from 
a  Huntin^on^  a  Grifi^  and  a  Bryan  mill  in  one  case  each.  In  3  mills  the  tail- 
ings from  each  No.  1,  stamp-fed,  vanner  go  to  two  No.  2  vanners,  the  second 
vanners  completing  the  work  of  the  first.  The  maximum  size  of  grain  actually 
fed  to  vanners  in  some  of  the  stamp  mills,  as  shown  by  Table  314,  ranges  from 
0.41  to  1.13  mm.  (0.016  to  0.045  inch),  the  commonest  size  being  alwut  0.?5 
mm.  (0.03  inch).  In  7  mills,  vanners  are  fed  with  middlings  from  convex 
revolving  slime  tables,  a  practice  which  is  logical  and  economical.  The  table 
middlings  are  free  from  the  fine  rich  slimes  which  are  difficult  for  the  vanner 
to  handle.  This  plan  was  adopted  in  Mill  30  to  displace  the  practice  of  sending 
coarser  material  from  classifiers  to  tables,  and  finer  to  vanners,  with  greatly  im- 
proved results.  In  Mills  78  and  79  the  concentrates  from  canvas  tables  are 
finished  on  end-shake  vanners,  with  the  object  of  enriching  an  already  high 
grade  product  without  special  regard  for  clean  tailings ;  but  in  these  cases  very 
exceptional  adjustments  are  required  (see  the  Gates  vanner,  §483).  The  tail- 
ings are  re-treated  on  special  canvas  tables. 

In  regard  to  classifying  pulp  for  vanners,  it  must  be  remembered  that  a  classi- 
fier will  not  do  satisfactory  work  unless  the  quantity  of  feed  water  is  regular. 
The  feed  probably  is  regular  in  all  the  cases  of  classification  shown  in  Table 
314.  This  table  shows  that  vanners  are  fed  with  classified  pulp  from  hydraulic 
classifiers  in  one  mill ;  from  surface  current  classifiers  in  one  mill ;  from  whole 
current  classifiers  in  eight  mills;  and  from  a  whole  current  classifier,  mixed 
with  the  finest  jig  tailings,  in  one  mill.  Tailings  from  the  finest  jigs  go  directly 
to  vanners  in  one  mill.  Vanners  receive  the  overflow  of  hydraulic  classifiers 
in  five  mills;  and  the  overflow  of  whole  current  classifiers  in  one  mill.  Fraser 
&  Chalmers  hold  that  it  is  not  wise  to  classify  the  feed  to  vanners  if  it  is  finer 
than  30-mesh,  or  40-mesh  at  the  utmost  limit,  and  in  no  case  where  the  water 
quantity  varies.  The  Union  Iron  Works  hold  that  it  is  not  wise  to  classify  pulp 
for  vanners  unless  it  is  rich  in  sulphurets,  which  slime  easily,  noting  that  the 
classifier  adds  one  more  apparatus  to  be  attended,  and  loses  two  or  three  feet 
of  mill  head  without  compensating  advantages,  except  as  just  indicated.  In 
one  of  the  gravity  stamp  gold  mills  on  the  author's  list,  hydraulic  classifiers  were 
tried  on  pulp  stamped  through  a  SO-mesh  screen ;  but  the  result  was  unsatisfac- 
tory on  account  of  frequent  variations  in  the  water,  due  to  hanging  up  part  of 
the  stamps  or  to  other  causes.  The  vanner  treating  the  first  spigot  varied  from 
normal  load  to  a  great  overload,  while  the  last  of  the  series  varied  from  no  load 
at  all  to  so  much  water  that  it  would  wash  oflf  all  the  ore  from  the  vanner.  On 
the  other  hand,  Fraser  &  Chalmers  report  successful  work  at  the  Columbia  mill, 
Marshall  Basin,  Colorado,  with  pulp  stamped  through  a  SO-mesh  screen  and  sent 
to  a  hydraulic  classifier.  The  first  spigot  went  to  a  corrugated  belt  vanner  which 
treated  14  tons  in  24  hours;  the  three  remaining  spigots  going  to  smooth  belt 
vanners,  the  classification  increasing  the  capacity  of  each  of  these  from  5^  tons 
to  7  tons  in  24  hours. 

Vibrations. — ^The  number  of  vibrations  recommended  by  the  manufacturers 
for  a  plain  belt  Frue  vanner,  with  a  throw  of  one  inch,  is  180  to  200  per  minute ; 
for  the  corrugated  belt  it  is  194  to  210 ;  above  210  are  said  to  strain  the  machine. 
In  the  mill  practice,  the  number  was  found  to  range  from  160  to  216,  but  180 
to  200  are  most  common  (see  Table  314).  For  end-shake  vanners  the  number 
ranges  from  200  to  240,  but  the  amount  of  throw  with  the  high  speed  is  less 
than  one  inch.  The  amount  of  vibration  is  generally  one  inch  in  all  the  standard 
vanners,  but  some  designs  have  the  eccentrics  adjustable  for  greater  or  less  throw, 
to  suit  varying  conditions.  The  Gates  fine-pulp  vanner  uses  a  throw  of  only 
y\  inch.    In  general  the  greater  the  throw  the  more  the  pulp  is  liquified. 
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The  number  of  vibrations  and  amount  of  throw  are  interdependent  and  must 
be  considered  together.  If  a  high  speed  is  adopted,  a  small  throw  must  be  used 
to  prevent  injury  to  the  machine  and  allow  the  concentrates  to  settle ;  and  vice 
versa,  if  a  low  speed  is  adopted  a  long  throw  should  go  with  it  in  order  to  soften 
the  pulp  suflBciently  to  allow  the  quartz  to  rise  to  the  upper  layer. 

§  487.  The  travel  of  the  belt  is  the  adjustment  on  which  the  mill  man  chiefly 
relies  for  regulating  the  vanner.  For  the  smooth  belt,  Fraser  &  Chalmers  recom- 
mend 24  to  36  inches  per  minute ;  and  that  found  in  the  mills  ranges  from  18 
to  85  inches  per  minute,  24  to  45  inches  being  most  common.  The  travel  of 
the  corrugated  belt  is  generally  faster  than  of  the  smooth  belt.  The  purpose 
of  the  belt  travel  is  to  carry  up  the  concentrates  to  the  upper  end.  If  it  is  too 
rapid  it  will  carry  up  quartz  into  the  concentrates,  and  if  it  is  too  slow  it  will 
allow  concentrates  to  be  washed  down  into  the  tailings. 

The  slope  of  the  concentrating  plane  recommended  by  Fraser  &  Chalmers,  is 
from  3  to  6  inches  in  12  feet;  that  found  in  the  mills  ranges  from  1^  to  8.8 
inches,  3  to  5  inches  being  most  common.  When  a  corrugated  belt  is  used,  the 
inclination  is  greater  than  with  a  smooth  belt  by  2  or  3  inches  in  12  feet.  The 
amount  of  slope  is  all  important :  too  much  sends  the  valuable  mineral  into  the 
tailings ;  and  too  little  sends  the  quartz  into  the  concentrates,  and  tends  to  make 
the  bed  too  thick,  and  to  form  banks  on  the  sides  of  the  side-shake  vanners. 

The  quantUies  of  water  used  on  vanners  in  several  mills,  and  those  recom- 
mended in  Fraser  &  Chalmers'  catalogue,  are  given  in  Table  316.  On  Frue 
vanners  in  the  mills,  the  quantity  fed  with  the  pulp  varies  from  2  to  7.5  gallons 
per  minute,  and  the  wash  water  varies  from  1  to  2.80  gallons  per  minute.  The 
pulp  fed  to  these  vanners  contains  from  1.6  to  7.6  tons  of  water  per  ton  of  ore; 
the  total,  including  the  wash  water,  ranging  from  2.4  to  10.7  tons  of  water  per  ton 
of  ore.  It  will  be  noticed  that  the  Woodbury  end-shake  vanners  in  Mill  61  each 
receive  18  gallons  of  water  per  minute  in  the  pulp  and  use  2.75  gallons  for  wash 

TABLE  316. — WATEB  USBn  ON  VANNERS. 


Frue  Vanners. 


■morAntliority. 


Fed  with 
Pulp. 


WaibBt-'QBXkfOB  per  Vaoner 
per  Minute. 


For 
cleaning 

Jets 

aboyesnd 

below. 


Total  on 
Belt. 


Sand  in 
24  Hours. 
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Weight 
of  Feed 
Water  to 
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Water  to 
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Belt. 
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Inches  in 

18  Feet 
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Hlmite. 


S. 


8.00 
5.M 


1.00 
1.74 


85.78  and  74.. 
75 


Fraser  ft  Chalmers 


7.60 
6.00 
4.86 
6.00 
5.00 
(1.60 
(8.00 


1.84 

1.00 

1.186 

8.80 

1.00 

1.00(a) 

1.60 


8.00 
0.78 
18.67 
8.74 
6.00 
6.876 
7.80 
6.00 
8.60 
4.60 


Tons. 
7|  to  lOf 


1.6 
7.6 


6.8 
6.9 
8.0 
8.8 
6.6 
8.8 
8.0 


8.4 
10.8 
7.1  to  10.7 
6.8 
8.8 
8.6 
6.0 
6.6 
8.8 
4.6 


Feet. 


48 

84 

46 

86  to  78 


8Hto8H 
8  to  6 


87  to  30 
84  to  86 


TuUoch  Vanners. 

74 

4.86 

1.185 

6.875 

18H 

8.0             8.6 

8H 

Triumpn  Vanners 

» 

10.4U 
18.67 

7»21of 

16.7 
7.1  to  10.7 

4 
6 

8 

6.4 

86 

c 

48 

Woodbury  End-shake  Vanners. 

61 

18.00 

8.75 

80.75 

15 

7.8      1       AS 

6 

rfS 

78 

(0)1116  quantities  given  in  this  column  by  the  mills  include  the  wat^r  used  in  the  spray-pipes  beneath; 
but  thorn  given  by  Fraser  ft  Chalmers  do  not  include  that. 
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water;  but  these  machines  treat  an  unusually  large  quantity  of  ore  (15  tons  in 
24  hours). 

The  quantity  of  water  is  all  important ;  too  much  washes  the  valuable  mineral 
into  the  tailings,  too  little  allows  the  quartz  to  pass  up  into  the  heads.  It  is 
well  both  for  economy  of  water  and  for  the  saving  of  slimes,  to  use  as  little 
water  as  will  do  the  work.  In  Mill  69  the  denser  pulp  of  a  single  issue  battery 
is  found  to  be  decidedly  better  material  for  treating  on  a  vanner  than  the  thin- 
ner pulp  of  a  double  issue  battery.  Clayey,  talcose,  slaty  and  calcareous  ores 
all  form  a  glutinous  pulp  and  should,  therefore,  be  more  dilute  than  quarts 
ores.  Talc  may  even  form  a  slippery  coating  on  the  belt,  which  needs  to  be 
brushed  off  from  time  to  time  with  a  com  broom. 

Travel,  slope  and  pulp  water  all  depend  upon  each  other,  and  must  therefore 
be  discussed  together.  To  carry  off  quartz  more  rapidly  toward  the  tail  of  the 
machine,  we  may  either  decrease  the  travel,  increase  the  slope,  or  increase  the 
pulp  water.  Conversely,  to  carry  pyrite  more  rapidly  toward  the  head  of  the 
machine,  we  may  increase  the  speed  of  travel,  decrease  slope  or  decrease  pulp 
water.  Two  or  even  all  three  of  these  adjustments  may  be  changed  at  the  same 
time. 

In  regard  to  slope  and  travel,  it  will  generally  be  found  that,  with  other  condi- 
tions remaining  the  same,  steep  slope  needs  high  speed  of  travel,  and  gentle 
slope  needs  slow  speed.     This  is  illustrated  in  Mill  71,  for  which  two  slopes  are 
recorded,  and  the  steeper  slope  is  accompanied  by  the  faster  travel  (see  Table 
314).     There  are  three  chief  qualities  of  pulp  which  will  call  for  variation 
in  the  slope  and  travel.     They  are :  specific  gravity  of  the  heads  and  of  the  tail- 
ings; relative  quantities  of  heads  and  tailings;  and  the  size  of  the  grains.     If 
the  heads  are  of  low  specific  gravity,  they  may  need  more  rapid  travel  or  gentler 
slope,  or  both,  than  when  they  are  of  high  specific  gravity.     If  the  tailings  are 
of  high  specific  gravity,  they  will  probably  need  steeper  slope  or  slower  travel,  or 
both,  than  would  be,  the  case  with  tailings  of  lower  specific  gravity.     If  the 
percentage  of  concentrates  is  large,  a  quick  travel  must  be  used  to  prevent  the 
sheet  of  heads  from  being  abnormally  thick,  because  a  thick  sheet  of  heads  will 
entangle  much  quartz.    A  steep  slope  will  then  be  needed  to  take  away  the 
quartz.    If  these  changes  are  not  made  and  the  machine  is  run  normally,  the 
quantity  of  feed  will  have  to  be  less  than  it  would  be  if  it  contained  a  smaller 
percentage  of  heads.     Very  fine  pulp  will  be  treated  best  with  steep  slope  and      • 
rapid  travel,  and  with  but  little  water  in  the  pulp.    Under  the  special  condi- 
tions of  Mill  78,  where  very  fine  slimes  are  being  treated,  we  find  the  extraordi- 
nary slope  of  li  inches  in  one  foot,  and  travel  of  86  inches  per  minute.    This      J 
steep  slope  is  necessary  because  fine  pulp  must  be  treated  in  a  thin  film;  and, 
with  the  steep  slope,  rapid  travel  is  required  in  order  to  prevent  the  pyrite  from      i 
being  washed  into  the  tailings.     Very  coarse  pulp  will,  in  the  author^s  opinion 
(although  positive  data  is  not  at  hand),  be  best  treated  with  gentle  slope;  and       j 
with  this  it  may  be  found  best  to  use  a  large  quantity  of  water,  and  slow  vibra- 
tions of  very  long  throw.    This  combination  may  cause  the  pulp  to  slop  over      J 
the  flanges  of  a  side-shake  vanner,  and  therefore  be  available  only  on  end-shake      I 
vanners.  i 

The  proper  quantity  of  water  in  the  pulp  varies  inversely  with  the  slope  and  ] 
directly  with  the  travel.  Where  the  slope  is  steep  or  the  travel  is  low,  the  quan- 
tity of  pulp  water  must  be  low  to  prevent  loss  in  tailings ;  and  where  the  slope 
is  gentle  or  the  travel  is  high,  the  pulp  water  should  be  in  larger  quantity  in 
order  to  make  clean  heads  and  to  prevent  the  bed  from  becoming  too  thick  and 
forming  side  banks. 

The  oed  of  pulp  on  the  belt,  when  a  vanner  is  running  properly,  will  be  graded 
in  richness  from  the  head  to  the  tail  end,  the  heads  being  nearly  free  from  gangue. 
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the  tailings  nearly  free  from  concentrates.  Four  or  five  per  cent,  of  quartz  are 
commonly  allowed  to  go  into  the  heads  for  the  sake  of  preventing  the  tailings 
from  carrying  oflE  too  much  value.  The  great  length  of  the  concentrating  plane 
is  provided  tecause  the  removal  of  the  heavy  mineral  from  the  gangue  takes 
place  gradually.  The  author  is  of  the  opinion  that  in  ordinary  practice  the  best 
thickness  of  the  bed  from  the  pulp  distributor  to  the  tail  roller  is  from  0.15  to 
0.20  inch  over  the  little  rollers;  and  he  believes  it  should  never  be  more  than 
0.25  inch  thick.  It  will  of  course,  be  somewhat  thicker  between  adjacent  rollers. 
If  the  bed  is  too  thick  it  will  '^felt"  (form  a  peculiar  hard  cake),  which  pre- 
vents the  separation  of  the  minerals.  With  a  thick  bed  in  the  case  of  fine  pulp, 
a  side-shake  vanner  may  set  up  waves  from  each  side  of  the  belt,  and  if  these 
opposite  sets  of  waves  happen  to  coincide  they  will  produce  longitudinal  banks 
and  gutters  all  the  way  across  the  belt  Good  separation  cannot  be  made  in 
these  banks,  while  in  the  gutters  there  will  be  rapid  currents  that  will  tend  to 
carry  concentrates  into  the  tailings. 

The  average  thickness  over  the  little  rollers  is  given  from  seventeen  mills  in 
Table  317.  These  measurements  were  made  with  the  special  gauge  described  in 
§884. 

The  number  of  grains  in  the  depth  of  the  ore  bed  is  important.  A  bed  0.2 
inch  thick,  with  grains  0.02  inch  (0.5  mm.)  in  diameter,  is  ten  grains  deep  and 
permits  easy  separation.  If  it  was  0.5  inch  thick  it  would  be  25  grains  deep, 
and  the  work  of  separation  difficult.  It  is  evident,  then,  that  the  finer  the  pulp 
the  thinner  should  be  the  bed.  In  Mill  78  the  bed  is  exceptionally  thin  (0.08 
inch)  9  which  is  necessary  because  that  mill  is  treating  an  unusually  fine  product. 
Table  317  shows  that  on  26  vanners  in  7  mills  the  number  of  maximum  grains 
depth  of  the  bed  ranges  from  5  to  21,  the  most  common  numbers  being  5,  6  and 
7.  To  calculate  these  numbers  the  diameters  of  the  maximum  grains  were  de- 
termined from  the  size  of  holes  in  the  stamp  mill  screens.     Since  in  stamp  mill 

TABLE  317. — ^AVEKAQE  DEPTHS  OF  PULP  BED  ON  VANNERS,  MEASUBED  ABOVE  THE 

LITTLE  ROLLERS. 


?s 

Ilndof 

Vaniier. 

Averaged. 

pSpBed. 

Number  of 

Grains  in 
the  Depth 
of  the  Bed. 

Iflll 
No. 

Kind  Of 
Vanner. 

Number  of 
Measures 
Averaged. 

Depth  of 
Pulp  Bed. 

Number  of 
Maximum 
Grains  in 
the  Dentil 
of  the  Bed. 

IQ 

Fraa 

^wi. 

^e. 

"Vne. 

Prue. 

Free. 

i^ue. 

i^Tie. 

Finie. 

Hilloch(a). 
Trait, 

RiSinh:" 
ATiuinpii. . . 

IHnmph... 

Trinmph... 

Triumph... 

RSS::::::: 

Tciuiuph. . . 

Triomph... 

Pnie. 

Fnia, 

Inches. 
0.18 
O.ll 
0.11 
0.19 
0.87 
O.M 
0.10 
0.S8 
0.90 
0.18 
0.48 
0.86 
0.10 
0.91 
0.27 
0.14 
0.99 
0.88 
0.88 
0.88 
0.10 
0.17 

01.... 
00.... 

06.... 

68.... 

71.... 

72.... 
74  ... 

78.... 
83.... 

Woodbury. 
Triumph... 

Frue 

Union 

Union 

Union 

Frue. 

Frue 

Frue 

Frue 

Frue. 

Frue. 

Frue 

Frue. 

Frue 

Woodbury. 

Frue 

Frue 

Gates 

Frue 

Frue 

Frue 

Inches. 
0.16 
0.17 
0.91 
0.14 
0.16 
0.10 
0.10 
0.17 
0.17 
0.90 
0.91 
0.10 
0.19 
0.98 
0.16 
0.19 
0.19 
0.17 
0.06 
0.19 
0.48 
0.80 

10 
8 
0 

35  . 

8B 

80.... 

41.... 
W.... 

14 
11 

13 
15 
19 
16 

SB.... 

06 

9 
91 

18 

(a)  Measured  at  the  middle  of  the  belt. 


pulp  the  majority  of  the  grains  are  quite  small,  compared  to  the  maximum,  it 
foUows  that  the  actual  number  of  grains  in  the  depth  of  the  bed  is  larger  than 
that  given  in  the  table  in  each  ease. 


662 


QBE  DRESSING. 


§  488 


To  properly  run  a  corrugated  belt^  the  bed  should  be  thinner  than  on  a  plain 
belt,  and  have  almost  no  edge  banks.  This  is  accomplished  by  a  steep  slope. 
The  logic  of  this  is  that  the  catching  power  of  the  belt  is  so  great  that  we  can 
afford  to  flow  the  quartz  off  to  the  tail  more  rapidly ;  and  we  thereby  increase  the 
capacity  of  the  machine. 

With  a  vanner  properly  adjusted  the  depth  of  the  bed  will  be  very  nearly  uni- 
form. The  following  figures  from  a  vanner  in  Mill  71  are  given  as  representing 
a  well  adjusted  machine:  Depth  on  roller  No.  5  (just  below  pulp  distributor), 
0.19  inch;  depth  on  roller  No.  6,  0.14  inch;  depth  on  roller  No.  7,  0.15  inch; 
depth  on  roller  No.  8,  0.15  inch;  depth  on  roller  No.  9,  0.16  inch;  depth  on  roller 
No.  10,  0.16  inch;  depth  on  roller  No.  11,  0.18  inch;  depth  on  roller  No.  12 
(tail  small  roller),  0.14  inch. 

If  the  concentrating  plane  is  true,  there  may  be  a  slight  tendency  of  the  bed 
to  thin  from  the  distributor  toward  the  tail  roller;  but  in  the  last  instance, 
from  Mill  39,  shown  in  the  following  list,  since  the  slope  of  the  belt  was  about 
normal  (3}  inches  in  12  feet)  the  greatly  decreased  depth  toward  the  tail  is  due 
to  either  too  rapid  travel,  too  little  slope  or  too  little  water. 


Mill  88. 

MOl  88. 

Mill  39. 

Uttla  roUer  No.  6  (a  little  below  pulp  distributor) 
Little  roller  No.  & ....T 

iDches. 
0.11 
0.88 
0.85 
0.88 

Inches. 
0.18 
0.18 
0.18 
0.88 

Inches. 
0.45 
0.88 
0.80 
0.18 

Little  roller  No.  10 

Little  roller  No.  18  (the  tail  small  roller) 

If  the  belt  is  untrue,  the  measurements  of  the  bed  show  it.  The  first  two  col- 
umns of  figures  in  the  above  list  (from  Mills  38  and  39)  show  a  bad  depression, 
increasing  toward  the  tail,  due  to  the  rollers  being  out  of  line.  The  measure- 
ments also  show  whether  the  side  adjustments  are  keeping  the  bed  even  from  side 
to  side.  In  Mill  35,  measures  were  taken  at  the  two  ends  of  one  single  little 
roller  half  way  down  the  vanner.  At  one  end  the  bed  was  0.094  inch  deep,  at 
the  other  end  0.145  inch  deep,  showing  need  of  side  adjustment. 

If,  on  a  side-shake  vanner,  thick,  dead  banks  form  on  both  sides  of  the  belt, 
they  indicate  that  the  bed  is  too  thick,  caused  either  by  too  rapid  travel,  too  gen- 
tle slope,  or  too  little  water  in  the  feed  pulp.  Changing  either  of  these  adjust- 
ments will  effect  a  cure;  but  to  decide  which  to  use,  the  mill  man  should  try 
them  all,  one  at  a  time,  and  adopt  that  which  removes  the  evil  and  at  the  same 
time  gives  the  cleanest  tailings.  If  the  sand  and  water  are  not  evenly  distributed 
upon  the  belt,  first  be  sure  that  all  the  parts  of  the  machine  are  in  line,  that  the 
slack  is  taken  up,  and  that  there  is  no  jar  or  bump  in  the  machine.  If  a  bank 
still  forms  on  one  side,  it  indicates  that  the  shaking  frame  is  not  vibrating 
equally  in  both  directions  upon  the  toggles.  The  under  toggle  blocks  on  the  main 
frame  must  then  be  adjusted  by  slackening  their  bolts  and  tapping  them  with  a 
hammer,  to  overcome  this  imeveness.  They  should  all  be  moved  toward  the 
side  that  has  no  bank.  If  this  is  not  sufficient,  the  shaft  boxes  may  be  moved 
toward  the  belt  if  the  bank  is  on  the  further  side,  or  away  from  the  belt  if  it 
is  on  the  nearer  side. 

§  488.  Capacity  op  Vanners. — Eraser  &  Chalmers  give,  as  the  capacity  of 
a  4-foot  Frue  vanner,  4  to  6  tons  in  24  hours  for  stamp  mill  pulp,  which  has 
passed  through  a  screen  with  fifty  holes  to  the  linear  inch,  and  6  to  8  tons  if  the 
pulp  is  a  trifle  coarser.  Table  314  shows  4-foot  side-shake  vanners  in  15  mills, 
treating  from  4  to  12^  tons  in  24  hours,  with  an  average  of  7^  tons.  Of  9  six- 
foot,  side-shake  vanners,  treating  from  6  to  16|*  tons  in  24  hours,  the  average 
capacity  is  9|  tons.    Two  end-shake  vanners,  with  4-foot  belts,  treat  respectively 

•  The  Tanner  treating  18^  toos  sends  its  tailiDgs  to  two  floishing  Tanners. 
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3}  and  7f  tons  in  24  hours ;  and  five  end-shake  machines,  with  5-foot  belts,  treat 
from  5  to  15  tons  in  24  hours,  averaging  10  tons. 

To  be  driven  at  its  greatest  capacity,  a  vanner  needs  rapid  travel;  in  order  to 
prevent  the  sheet  of  concentrates  becoming  so  thick  that  the  gangue  cannot  sepa- 
rate from  it.  Steep  slope  must  then  be  used  in  order  to  carry  the  gangue  down 
the  slope.  An  ore  with  a  large  percentage  of  concentrates  must  not  be  fed  as  fast 
as  one  that  contains  less  concentrates,  because  the  sheet  of  concentrates  would 
become  too  thick.  When  a  vanner  is  driven  beyond  its  natural  maximum  ca- 
pacity, some  concentrates  will  be  lost  in  the  tailings  for  lack  of  time  for  proper 
treatment.  Very  fine  ore  must  be  treated  slowly,  else  the  bed  will  be  too  thick 
eyen  if  the  slope  is  steep.  If  it  be  attempted  to  overcome  the  difficulty  by  dilu- 
tion with  water,  there  is  great  danger  of  loss  in  the  tailings. 

The  high  capacity  of  the  vanners  in  Mill  61,  where  one  5-foot  machine  treats 
15  tons  in  24  hours  without  any  re-treatment  of  tailings,  and  saves  80%  of 
the  concentrates,  is,  in  the  author's  opinion,  chiefly  due  to  the  unusually  steep 
slope  (8i^  inches  in  12  feet)  and  rapid  travel  (72  inches  per  minute),  though 
partly  to  the  fact  that  the  stamp  batteries  in  this  mill  are  adjusted  for  minimum 
sliming.  The  vanners  have  an  end-shake,  which  is  the  most  favorable  for  saving 
the  fines.  It  will  be  noticed  that  in  Mills  54  and  84,  where  the  tailings  of  one 
vanner  are  re-treated  on  two  other  vanners,  the  higher  capacity  of  the  first 
machine  is  accompanied  by  steeper  slope  and  faster  travel  than  is  found  on  the 
other  two;  and  under  similar  conditions  in  Mill  83  the  first  vanner  has  faster 
travel  and  higher  capacity  than  the  second.  In  the  three  mills  just  mentioned, 
the  first  set  of  vanners  receive  very  large  quantities  of  ore;  and  if  the  contrary 
has  not  been  proved  by  trial,  it  is  an  open  question  whether  there  would  not  be 
a  closer  saving  by  distributing  the  feed  equally  to  all  the  vanners  in  the  first 
place.  In  Mill  54,  for  example,  there  are  6  six-foot  vanners,  each  treating 
16f  tons  in  24  hours,  followed  by  12  vanners  each  treating  8^  tons;  but  with 
the  suggested  change  each  of  the  18  vanners  would  only  receive  5f  tons,  and  there 
would  h^  no  re-treatment. 

PowEB. — ^In  estimating  mill  work  Fraser  &  Chalmers  allow  i  horse  power 
per  vanner.  Preston  gives  J  horse  power  as  common  California  practice.  In 
Mill  53,  12  vanners,  with  the  mill  shafts  for  driving  them,  are  reported  as  using 
10  horse  power.  At  Mill  59,  the  16  vanners  and  their  driving  shaft  require  7 
hone  x>ower. 

Cost  op  Bepaibs. — ^The  following  quotations  are  averages  for  single  vanners. 
Mill  64  gives  the  average  cost  of  repairs  for  five  years  including  belt  renewals, 
as  follows: 


Belt 

Other  Ex- 
penses. 

Total. 

VmAvmniiMP 

$10.18 
96.96 

18.44 
5.00 

199.56 

81.85 

Mill  41  reports  that  a  rubber  belt  costing  $120  is  worn  out  in  four  years  on  a 
Tolloch  vanner.      Other  mills  report  expense  for  belts  as  follows: 


ion 

Na 

90... 
94... 
95... 
98... 

as... 

40... 
57... 
68. 


Arerige  Annual 
BzpmM  tot 
One  Vanner. 


$31.06  to  $47.50 

106.00 
S7.00  to  67.60 
98.00  to  57.60 

96.75 

96.00 
10.00  or  more. 

9.60 


Kind  of  Belt 


Fnie. 

Fnie. 

Blasdel. 


Pnie. 
Frue. 


Frue. 


Kind  of 
Vanner. 


Frue. 
Frue. 
Frue. 
Johnston. 
Frue. 
Frue. 


Frue. 


Mill 
No. 


B9.... 

61 ... . 
75.... 


Average  Annual 
Expense  for 
One  Vanner. 


I88.8S 

48.00 
46.00  to  57.50 
About  50.00 
About  60.00 

90.00 

27.40 


Kind  of  Belt 


Woodbury. 
Blasdel  smooth. 

Triumph. 
7-belt  Woodbury. 
18-belt  Woodbury 
Frue. 
Frue. 


Kind  of 
Vanner. 


Triumph. 
Triumph. 
Triumph. 
Woodbury. 
Woodbury. 

Frue. 

Frue. 
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In  regard  to  these  costs,  it  should  be  noted  that  the  vanners  vary  in  duty  from 
those  in  Mill  24,  worked  night  and  day,  six  days  a  week,  to  those  where  the  mill 
stands  idle  a  good  deal  of  the  time.  The  author  has  not  the  facts  in  regard  to 
tins. 

Mills  report  average  expense  for  a  single  vanner  per  year,  for  repairs  other  than 
belt  renewals,  as  follows: 


MfllM.. 
MiU67. 
fiiUTS. 
MUlTe.. 
MiUSS. 


16.00 

Frue. 

7.n 

Fru& 

Not  oyer  10.00 

Frue. 

2.40 

Frue. 

About  6.00 

Frue. 

MiUSe. 
MiUS?. 
MiU69. 
MiUOl. 


$10.00 

8.eo 

7.00 
About  19.00 


Johnston. 
Triumph. 
Triumph. 
Woodbuiy. 


§  489.  Vanner  Testing. — Investigating  the  work  of  vanners  by  sizing  tests 
and  by  assaying  the  different  sizes,  is  most  important,  as  it  shows  whether  the 
values  in  the  feed  and  in  the  tailings  are  contained  mostly  in  the  coarser  sizes  or 
in  the  finer.  Having  decided  this,  the  first  thing  to  consider  is  whether  the  van- 
ner adjustments  are  all  at  their  best;  and  then,  if  further  treatment  is  neces- 
sary, what  methods  are  applicable.  Two  instances  of  such  investigations  are 
here  given: 

The  figures  from  Mill  68  (Table  318)  show  the  percentage  distribution  of 
values  in  the  coarse  and  fine  sizes  of  the  vanner  feed  and  products.  These  values 
are  computed  in  two  ways:  First,  based  on  the  original  sample;  and,  second, 
based  on  the  sum  of  the  screened  samples.  This  table  shows  how  important  is 
the  consideration  of  the  extremely  fine  slimes.  The  portion  of  the  feed  that  will 
pass  through  a  100-mesh  screen  contains  68.58  or  76.65%  of  all  the  gold  in  the 

TABLE  318. — SIZING  TESTS  OF  VANNER  FEED  AND  PRODUCTS  IN  MILL  68.     FED  FROM 
SINGLE  DISCHARGE   STAMPS   WITH   30-MESH   SCREENS. 


8lsM  of  Qnlns. 


Peroentafre 

of  Each 

Size. 


Values  per  Ton. 


Gold  at 
$90.67  an 
Ounce. 


SUver. 
Ounces. 


Percentage  of  Total  Values. 


Gold. 


surer. 


§^|8 


Battery  pulp. 


Original  sample. 


On  80  mesh 

Through  80  on   40 
40  on   60 
"         60  on   80 
80  on  100 
"       100  mesh. 


$4.18 


1.70 


o.oe 

0.18 
0.10 
11.99 
10.16 
68.66 


0.68 

9.06 
2.48 
8.78 
4.18 


0.150 

0.70 
0.90 
1.09 
8.00 


0.08 

4.54 
7.80 
9.16 
68.68 


0.08 

6.07 
8.04 
10.S8 
76.66 


0.04 

8.76 
6.86 
6.61 
84.81 


0.04 

8.71 

6.88 

6.45 

8S.G8 


Totals  and  averages. . 


90.97 


$8.70 


1.78 


80.49 


100.00 


100.96 


lOO.OO 


Concentrates. 


Original  sample. 


$41.84 


108.60 


On  80  mesh 

Through  80  on  60  mesh. 

"        60on  80     **    . 

"        90  on  100     "    . 

"       100  mesh. 


0.86 
8.81 
6.98 
8.46 
80.68 


8.06 
84.80 
87.70 
88.84 
46.80 


11.90 
61.19 
68.70 
84.40 
180.80 


0.01 
8.89 
4.64 
6.60 
90.18 


0.01 
8.90 
4.48 
6.86 
86.04 


0.08 
1.80 
4.88 
6.57 
80.57 


008 
1.75 
4.88 
6.48 
87.51 


Totals  and  averages. . 


99.96 


$48.88 


111.15 


108.73 


99.99 


108.86 


99.90 


TaillDgS. 


Original  sample. 


$1.84 


1.89 


On  80  mesh 

Through  80 on  40 mesh. 

40  on   60     "    . 

60  on  80     "    . 

80  on  100  **  . 
*'       100  mesh........ 


0.01 
0.06 
5.81 

18.15 
9.68 

71.98 


0.41 

1.84 
1.84 
1.84 
1.84 


0.80 

0.90 
0.90 
1.00 
1.60 


0.08 

5.81 
18.16 

9.64 
71.97 


0.08 

5.81 
18.16 

9.64 
71.97 


0.04 

8.64 

9.17 

7.47 

88.64 


0.04 

S.sn 
8.88 

7.18 

a).  46 


Totals  and  averages. 


$1.24 


1.84 


100.00 


103.96 


100.00 
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feed,  according  to  the  method  of  computation ;  in  the  heads  the  same  size  contains 
90.18  or  86.94%  of  all  the  gold  in  the  heads;  and  in  the  tailings  this  size  contains 
71.97%  of  all  the  gold  going  to  waste.  The  suggestion  is  that  if  this  fine  product 
in  the  tailings  was  separated  and  treated  on  canvas  tables,  followed  by  a  steep 
end-shake  vanner,  as  in  Mill  78,  a  good  addition  to  the  yield  might  be  made, 
especially  as  the  sulphurets  are  high  grade  (the  concentrates  carry  $110  value 
per  ton)  and  the  tailings  carry  about  40%  of  the  value  fed  to  the  vanner.  Since 
the  author's  visit,  however,  a  cyanide  leaching  plant  has  been  installed  to  treat 
the  tailings,  and  is  probably  covering  the  same  ground  in  another  way. 

The  figures  from  Mill  55  (Table  319)  show  44.68%  of  the  tailings  silver  and 
26.35%  of  the  tailings  gold  to  be  in  a  product  finer  than  200-mesh.  Consider- 
ing the  large  loss  in  tailings  and  the  high  value  of  the  concentrates  (about  $80.00 
per  ton),  it  was  decided  to  treat  the  tailings  in  a  canvas  plant  like  Mill  78,  and 
this  treatment  has  resulted  in  a  considerably  increased  saving. 

Another  method  of  vanner  testing,  closely  allied  to  the  above,  is  discussed  in 
§490. 

TABLE   319. — SIZING  OF  VANNER   FEED   AND   PRODUCTS   IN    MILL   55.      FED   FROM 
8IN0LE  DISCHARGE  STAMPS  WITH    14-MESH  SCREENS. 


Siieof  Onlna. 

Percentage 

of  Each 

Size. 

Values  per  Ton. 

Percentage  of  Total 

Gold  at 

$80.07  an 

Ounoe. 

Silver. 
Ounces. 

Gold. 

Silver. 

On  80  mesh 

10.88 
88.88 
14.61 
16.40 
80.60 

18.51 
6.61 
7.08 
7.88 
4.06 

9.88 
8.78 
10.96 
18.89 
16.46 

6.84 
81.90 
17.06 
90.91 
95.11 

8.18 
90.41 
18.06 
17.45 
40.01 

Battery  POlP-- 

lliroiigh  30  on  OOmeiih 

"       OOoniaO     "    

**     12DonaO     "    

"     200  mesh 

100.00 

f6.t« 

19.80 

100.00 

100.00 

On  80  mesh 

4.06 
16.96 
17.69 
98.00 
88.18 

875.65 
111.69 
60.66 
47.64 
81.68 

81.70 
80.80      - 
80.40 
46.40 
66.10 

6.76 
89.74 
19.98 
18.87 
89.86 

8  00 

Through  80  on  OOmeah 

"        60onl80     "    

"      ISOonSOO     "    

**      900  mecih .......  t ..  t . . 

19.67 
18.67 
19.67 
51.00 

Totals  and  averages 

100.00 

$66.40 

60.78 

100.00 

100.00 

On  80  mesh 

11.09 
28.00 
14.70 
11.60 
84.68 

$9.60 
9.07 
1.94 
1.94 
1.94 

6.47 
5.70 
4.74 
5.14 
8.80 

18.16 
85.61 
11.17 
8.81 
96.85 

10.06 

TaSUxm^ 

Through  80  on  60  mesh 

oooniao    »♦    

laoonaoo    "    

"       900  mesh. 

94.51 
10.70 
9.16 
44.68 

Totals  and  averages 

100.00 

$1.68 

6.61 

100.00 

100.00 

THE  PRINCIPLE  OF  VANNER   SEPARATION. 

§  490.  It  is  well  known  to  mill  men  that  vanner  tailings  carry  away  a  portion 
of  the  finest  grains  of  the  heavy  mineral^  and  it  is  often  stated  that  this  loss 
consists  of  only  a  few  accidental  particles.  The  author  believes,  however^  that 
when  ore  carrying  grains  ranging  from  a  diameter  of  0.75  mm.  down  to  the 
finest  slimes  is  treated  without  previous  classification,  a  considerable  percentage 
of  the  finest  particles  of  heavy  mineral  must  go  into  the  tailings ;  and,  just  as  in 
free  settling  and  hindered  settling,  finer  grains  of  heavy  mineral  are  balanced 
with  coarser  grains  of  quartz,  according  to  definite  ratios  (see  Tables  261  and 
307),  so  with  any  given  set  of  adjustments  of  a  vanner,  there  will  probably  be  a 
definite  ratio  between  the  maximum  diameters  of  quartz  and  of  heavy  mineral  in 
the  tailings.  This  ratio  will  be  called  the  agitation  ratio.  To  substantiate  his  opin- 
ion, the  author  has  only  to  point  to  Mill  78,  which  treats  tailings  from  the  well- 
run  vanners  of  Mill  71  by  means  of  a  hydraulic  classifier  and  canvas  tables.    The 
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spigot  product  from  the  classifier  carries  all  the  coarser  sizes  of  quartz  with  prac- 
tically no  pyrite.  The  overflow  goes  to  canvas  tables  followed  by  a  specially  ad- 
justed finishing  vanner,  and  yields  a  final  product  amounting  to  about  1,000 
pounds  of  clean  pyrite  per  day,  while  the  vanners  of  Mill  71  yield  about  2|  tons 
of  clean  pyrite  per  day.  That  is,  more  than  15%  of  the  pyrite  fed  to  the  vanners 
of  Mill  71  is  too  fine  to  be  saved  with  the  coarser  portion.  This  is  not  a  criticism 
of  Mill  71,  but  simply  shows  a  scientific  principle.  The  vanners  in  this  mill 
probably  save  all  they  can,  and  then  Mill  78  completes  the  work. 

As  a  preliminary  determination  of  the  agitation  ratio,  the  author  made  sizing 
tests  of  the  classifier  spigot  product,  and  of  the  final  concentrates  from  Mill  78, 
showing  the  sizes  of  quartz  and  of  pyrite  in  the  vanner  tailings  of  Mill  71 ;  and 
the  results  are  given  both  in  Table  320  and  on  the  cumulative  plot  Fig.  390. 


0.4  CIS  ^  ^J         O.0S 

Dlameten  of  imxt^dtm,  in  mllUmeten, 

PIG.  390. — PLOT  OP  SIZING  TESTS    (TABLE  320)    TO  DETERMINE  AN 

AGITATION   RATIO   FOR  VANNERS. 

The  notes  in  the  table  show  that  the  three  coarsest  sizes  of  the  concentrates 
contained  a  very  little  quartz,  and  pyrite  only  in  cemented  grains,  and  that  the 
free  pyrite  in  the  next  four  sizes  was  respectively  0.1%,  0.1%  0.1%  and  1.8% 
of  all  the  concentrates.  The  remaining  sizes  were  all  free  pyrite.*  As  we  are 
concerned  only  with  the  free  pyrite  in  this  product,  the  few  stray  quartz  and  ce- 
mented pyrite  grains  were  disregarded  in  plotting.  For  plotting  the  quartz 
curve,  on  the  other  hand,  the  figures  in  the  table  require  no  modification.  Re- 
ferring to  Fig.  390,  it  will  be  noticed  in  the  case  of  both  quartz  and  pyrite  that  a 
line  drawn  through  the  points  representing  the  few  coarsest  grains  has  a  very 
different  direction  from  the  rest  of  the  curve ;  in  fact,  there  is  apparently  a  sig- 
nificant point  on  each  curve  {a  and  h).  The  few  grains  coarser  than  a  and  6 
are  insignificant  in  quantity  and  may  be  disregarded.     Practically,  then,  the 


*  The  method  of  yery  fine  sizing  is  described  in  S  HCl. 
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TABLB  320. — SIZING  TESTS  FBOM  MILL  78^  TO  DETERMINE  AN  AGITATION  BATIO 

FOB  VANNEBS. 


Qplgot  Product  from 

Conoentratee  from  the  Finiehing  Vamier  tbat  Follows  the  Canyas  Tables. 

SiMin 
Mflltiii^tfV- 

Percent. 

Siaeln 
Millimeters. 

Percent. 

Appearsnoe  under  a  Microscope. 

0.960-0.760 

0.00 
0.1 
0.6 
6.4 
17.0 
87.7 

10.8 

16.9 

0.7 

1.8 

0.6 
1.8 
0.4 
0.1 
0.0 

0.700-0.566 

0.506-0.407 

0.487-0.871 
0.871-0.070 

o.snMi.iso 

0.1S9-0.119 

0.110-0.074 

0.074-0.060 

0.009-0.047 

0.047-0.084 
0.084^.086 
0.005-0.019 
0.019^.010 
Flnea 

0.487-0.871 
0.871-0.270 
0.070-0.160 

0.109-0.119 

0.1194>.074 

0.074-0.069 

0.069-O.087 

0.087-0.006 
0.006-0.000 
0.000-0.015 
0.016-0.010 
Fines. 

0.8 
0.4 
0.9 

1.1] 

1.1] 

0.4 

8.7  1 

8.6 
18.4 
80.1 
86.6 
80.9 

Same  as  aboye,  with  a  few  grains  of  quarts. 
Same  as  above,  with  more  grains  of  quarts. 
Mostly  pyrite  and  quarts  cemented  together.    Free  pyrlte 

estimated  at  0.1?  of  whole  sample. 
About  three-fourths  quarts.    Best  mostly  cemented  lumps  of 

About  the  same  as  the  preceding. 

About  half  quarts.   Some  cemented  lumps  of  pyrite.   FIree 

-  Pretty  dean  pyrite. 

(a)  All  slses  of  the  spigot  product,  except  the  last,  are  practicsUy  dean  quarts. 

maximum  size  of  quartz  (a)  is  0.427  mm.,  and  pyrite  (6)  is  0.040  mm.,  giving 
an  agitation  ratio  (-—)  of  10.7.  This  ratio  will  be  much  affected  by  the  way 
the  vanners  are  run,  and  will  probably  be  a  maximum  only  when  the  pulp  bed  is 
thin  (not  more  than  0.2  inch  thick)  and  all  the  adjustments  are  made  to  the 
best  advantage.  A  thick  bed  will  send  coarse  pyrite  into  the  tailings  and  so  re- 
duce the  ratio.  The  average  depth  found  in  Mill  71  was  0.16  inch,  so  that  the 
ratio  10.7  was  obtained  under  favorable  conditions.  The  determination  of  the 
ratio  in  any  mill  is  a  good  test  as  to  whether  or  not  the  vanners  are  well  run. 

B. — ^Bumping  and  Jebeing  Tables. 

These  machines  use  mechanical  agitation  to  bring  the  heavy  grains  and  the 
light  grains  into  their  respective  layers  on  a  washing  surface;  and  they  use  a 
bumping  or  jerking  action  to  convey  the  heavy  grains  to  one  side  or  end  of  the 
machine,  while  the  current  of  surface  water  conveys  the  light  grains  to  another 
side  or  end. 

Bumping  and  jerking  tables  are  divided  into  two  classes: 

I.  Side-bump,  which  have  the  bump  or  jerk  at  right  angles  to  the  flow  of  the 
water; 

II.  End-bump,  which  have  the  bump  or  jerk  in  the  opposite  direction  from 
the  flow  of  the  water. 

The  side-bump  tables  may  be  sub-divided  into  {a)  those  having  plane  surfaces 
and  (b)  those  having  riffled  surfaces. 


la. — ^SIDE-BUMP  TABLES  WITH  PLANE  SURFACES. 

§  491.  The  Sittinger  Table  was  the  first  of  this  class.  It  uses  a  cam,  spring 
and  bumping  post  to  convey  the  heavy  layer  of  concentrates  to  one  side ;  and  a 
film  of  water  flowing  at  right  angles  to  the  direction  of  the  bump  to  convey  the 
light  layer  of  waste  down  the  slope  to  the  proper  place.  The  table  is  8  feet  long 
by  4  feet  wide,  and  is  generally  mounted  in  pairs,  with  a  dividing  partition.  It 
is  suspended  upon  four  rods,  and  the  slope  is  regulated  either  by  chains  at  the 
upper  ends  of  these  rods,  winding  upon  drums,  or  by  elevating  nuts.  The  slope 
recommended  by  Kittinger  varies  from  6**  for  the  coarsest  to  3®  for  the  finest 
slimes. 
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The  feed  pulp,  which  muBt  be  a  classified  product,  is  distributed  upon  cme 
corner  of  the  head  of  the  table,  over  a  width  of  8  to  12  inches,  and  the  agitation 
immediately  separates  the  heavy  and  light  minerals  into  layers.  The  bumping 
action  is  produced  by  a  cam,  which  pushes  the  table  toward  one  side,  a  spring 
which  forces  it  back,  and  a  bumping  post,  which  stops  it  suddenly  on  its  return 
This  action  causes  the  ore  particles  to  move  across  the  table  by  jerks,  while  the 
wash  water,  which  is  fed  over  the  remainder  of  the  head,  causes  them  at  the 
same  time  to  move  down  the  slope,  the  light  ones  more  rapidly  than  the  heavy. 
The  combination  of  these  two  actions  yields  the  mineral  particles  spread  out  like 
a  fan,  with  the  heaviest  mineral  pushed  farthest  across  the  table,  the  middle 
weight  mineral  next,  and  the  lightest  least.  By  properly  placing  dividing  fingers 
at  the  foot  of  the  table,  each  of  these  products  may  be  guiaed  into  its  own 
box.    Endwise  motion  of  the  table  is  prevented  by  guides. 

The  action  of  the  table  is  seriously  interfered  with  by  the  bank  of  quarta 
sand  which  turns  the  current  of  wash  water  so  that  the  film  is  not  of  the  same 
thickness  all  over  the  table,  as  the  theory  seems  to  demand  that  it  should  be. 
Instead,  it  is  harmfully  concentrated  into  a  stream  of  considerable  cutting  power 
along  the  line  where  the  best  separation  should  take  place.  This  cutting  stream 
impairs  the  action  of  the  machine  and  prevents  it  from  making  as  clean  tailings 
as  one  would  expect.  Improved  results  (both  qualitative  and  quantitative)  have 
been  obtained  by  applying  the  wash  water  from  a  diagonal  spray  pipe  instead  of 
from  a  box  at  the  head.^^ 

For  the  coarsest  slime  a  wooden  table  makes  120  bumps  a  minute;  for  finer 
material  160,  and  for  the  finest  180  to  240.  The  length  of  throw  is  from  1^  inches 
for  the  coarsest,  down  to  ^  or  J  inch  for  the  finest.  The  capacity  varies  from 
165  pounds  (dry  weight)  of  coarser  to  56  pounds  of  fine  slimes  per  hour,  the 
corresponding  amount  of  water  with  the  pulp  varying  from  1.6  gallons  to  0.8 
or  0.9  gallon  a  minute,  and  the  amount  of  wash  water  from  5.28  to  3.17  gallons 
a  minute.' 

Various  materials  have  been  used  for  the  table  surface — ^wood,  iron,  zinc,  glass, 
marble,  slate,  cement  and  rubber.  With  wood,  some  care  has  to  be  used  to  keep 
the  surface  smooth,  but  on  the  whole  this  has  been  found  the  most  satisfactory, 
though  a  covering  of  rubber  has  in  some  cases  been  found  an  improvement. 
It  should  be  noted  that,  unless  the  rubber  is  fairly  thick,  it  is  hard  to  keep 
smooth.  Marble  and  glass  are  very  liable  to  breakage,  especially  the  former. 
In  one  case  marble  was  found  inferior  to  iron,  because  the  surface  was  too 
smooth.*"    Iron  makes  the  table  very  heavy,  and  so  increases  the  power  used. 

At  Bleiberg,  Belgium,^'  on  Rittinger  tables  treating  a  galena-blende  ore,  the 
tailings  contained  about  2%  of  lead,  while  the  blende  product  was  wholly  free 
from  lead.  It  was  found  that  this  galena  was  in  extremely  thin  scales,  which 
floated  and  were  carried  off  by  the  water.  By  laying  a  straight,  thin  cleat  from 
the  feed  side  to  the  galena  discharge,  the  difficulty  was  overcome.  In  case  one 
such  cleat  was  not  enough,  a  second  was  placed  lower  down  on  the  table.  This 
same  device  was  introduced  at  Steinenbriick  and  at  Welkenraedt. 

The  shock  due  to  the  bump  of  the  table  is  transmitted  to  the  mill  frame ;  and 
at  Dam,  Belgium,  in  order  to  prevent  this,  two  tables  were  arranged  to  strike 
simultaneously  against  opposite  sides  of  a  bumping  post  placed  between  them.*' 

KavAn  found  that  equally  good  work  could  be  done  with  a  table  only  6  feet 
long  as  with  the  usual  length  of  8  feet.  The  lightness  of  his  table,  which  has  a 
wooden  surface,  permits  a  more  rapid  shake,  which  increases  the  capacity,  and 
decreases  the  necessary  amount  of  water.°* 

Parsons,  at  Mill  25,  drives  two  double  tables  from  one  shaft,  by  using  a  double 
screw-threaded  cylindrical  cam,  which  forces  the  two  double  tables  apart  from 
each  other,  while  opposing  springs  force  the  tables  to  come  back  and  strike  each 
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other.  Thus  the  bumping  post  is  done  away  with,  and  with  it  nearly  all  the  con- 
Bequent  shock  to  the  mill  frame.  The  dimensions,  slope  and  shakes  of  Parsons* 
machines  are  shown  in  Table  322.  Their  surfaces  are  of  wood,  covered  with  en- 
amelled duck.  The  feed  apron  for  the  pulp  is  10^  inches  wide.  The  wash 
water  comes  from  two  ^-inch  cocks  and  a  third  is  provided,  but  not  used.  Each 
double  No.  1  table  treats  5  tons  of  pulp  (dry  weight)  in  24  hours,  and  there  are 
24  of  them  to  treat  the  spigot  products  of  the  No.  5  surface  current  classifier. 
A  double  table  uses  1,200  gallons  of  wash  water  in  24  hours.  Assays  of  products 
are  as  follows:  Feed  to  No.  1  table  contains  9.46%  lead;  tailings  of  No.  1  table 
contain  1.89%  lead;  feed  to  No.  2  table  contains  6.23%  lead;  tailings  of  No.  2 
table  contain  1.74%  lead. 

The  Wilfley  table  (§493)  is  occasionally  used  with  a  smooth  surface;  but 
since  its  chief  use  is  with  riffles,  it  is  described  later,  under  that  head. 

§  492.  The  Stein,  Corning,  Bilharz  and  Luhrio  Tables. — These  ta- 
bles resemble  each  other  so  much  that  they  will  be  described  together.  They  all 
have  endless  traveling  belts,  horizontal  in  length,  but  sloping  in  width,  carried 
on  rfiaking  frames,  with  fixed  frames  to  carry  the  driving  mechanism.  The  Bil- 
harz (Fig.  391)  has  an  iron  fixed  frame  set  on  wooden  sills,  carrying  a  shaft,  a 
pulley  and  a  three-armed  cam  at  one  end,  while  at  the  other  there  is  a  spring 


fig.  391. — bilharz  table. 

and  bumping  post  The  cam  draws  the  table  toward  it,  and  at  the  release  the 
spring  pulls  it  back  against  the  bumping  post.  The  travel  of  the  belt  is  either 
intermittent,  given  by  ratchet  and  pawl,  or  continuous  by  a  vertical 
belt  working  on  a  grooved  pulley  on  the  roller  at  the  head  end.  The  shaking 
frame  is  suspended  by  four  rods  from  four  arms  upon  a  rocker  shaft.  By  tilting 
this  shaft  the  table  may  be  given  any  desired  slope.  The  belt,  which  is  0.75  meter 
(2  feet  6  inches)  wide,  is  stretched  between  two  end  rollers  2.5  meters  (8  feet 
2  inches)  from  center  to  center.  The  upper  part  of  the  belt  is  supported,  in  the 
Stein  and  Bilharz  tables,  by  a  plane  wooden  surface  with  diagonal  grooves  which 
are  supplied  with  water  for  lubrication.  The  Luhrig  table  supports  the  belt  by 
twelve  little  rollers  190  mm.  apart.  The  Corning  also  uses  rollers.  The  return 
part  is  carried  by  the  three  large  rollers.  Luhrig  uses  a  flange  on  the  upper  edge 
of  the  belt,  which  permits  feeding  closer  to  the  edge,  and  so  extends  the  working 
surface  0.2  m.  in  width.  The  belts  have  little  blocks  on  their  edges,  which  drop 
into  little  sockets  on  the  driving  roller  and  serve  for  draught  and  guiding. 

It  will  be  noticed  that,  while  on  the  Rittinger  table  the  greatest  dimension  is 
at  right  angles  to  the  bump,  the  greatest  dimension  of  these  tables  is  in  the  same 
dire^on  as  the  bump.  This  permits  the  minerals  to  spread  out  in  a  more  per- 
fect fan  shape,  and  so  prevents  the  banking  of  the  sand  and  the  cutting  action 
of  the  water. 
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These  tables  should  be  fed  with  sorted  products  from  classifiers,  and  when  so 
fed  they  do  clean  work,  not  only  in  two  mineral  separation,  but  also  in  three  or 
four  mineral  separation.  The  pulp  is  fed  upon  the  upper  rear  comer  of  the 
belt,  and  the  agitation  separates  the  different  minerals  into  layers.  Wash  water 
IB  applied  from  spray  pipes.  The  travel  of  the  belt,  assisted  somewhat  by  the 
bump  of  the  table,  carries  the  ore  forward ;  while  the  water  flowing  down  the  slope 
transversely,  washes  the  light  minerals  rapidly  toward  the  lower  edge,  the  heavy 
minerals  more  slowly.  Better  results  are  obtained  when  the  wash  water  is  applied 
from  a  diagonal  spray  pipe  keeping  near  the  upper  edge  of  the  ore  than  when 
it  is  applied  along  the  upper  edge  of  the  belt.  The  products  are  received  in  a 
launder  with  four  compartments  each  having  a  spigot  for  continuous  dischaige. 

The  following  figures  on  adjustnoents  are  quoted: 


Belt  Trarel  per  Minute. 

Vibratloiis  per 
Minute. 

Leni^of 
Throw. 

Stein,     4.2  to  4.8  m.  (18  feet  9  inches  to  16  feet  9  inches) 

Bilharz,  4.2  m.  (18  feet  9  inches) 

150  to  180 
160 
200 

(.16  to  27  nun. 
^  (0.6  to  1.1  in.) 

Luhrig,'  8.8  m.  (10  feet  10  inches) 

The  slope  is  about  5**  for  the  coarser  products,  this  slope  being  regulated  by  the 
appearance  of  the  products.  The  capacity  for  the  ordinary  size  of  table  appears 
to  be  about  3  tons  in  24  hours.'^  ^^^^^  Tables  of  this  capacity  at  Freiberg  use 
14  liters  (3.7  gallons)  of  water  per  minute  in  the  feed,  52  liters-  (13.7  gallons) 
for  washing  and  blow-off  jets,  and  8  liters  (2.1  gallons)  for  lubrication  under  the 
belt.  At  Diepenlinchen,  Prussia,*  a  Luhrig  table  3  feet  4  inches  by  11  feet  6 
inches  (which  is  considerably  larger  than  the  size  given  above)  works  a  galena 
blende  ore  at  the  rate  of  9.6  to  13.2  tons  of  slimes  in  24  hours,  but  the  amount 
of  work  needed  to  re-treat  the  middlings  is  not  stated.  Following  are  the  as- 
says of  the  products : 


Lead  product 

Lead-sine  middlings. , 

Zinc  product 

Tailings 


Lead. 


80-25 


Trace. 


Zinc. 


1J^8 


At  Ramsbeck  a  Luhrig  machine,  treating  a  rich  middle  product,  yielded  the 
following  results  :•* 


Feeders 

Lead  product 

Lead-sine  middlings.. 

Zinc  product 

2Uno-quarts  middlings. 
Quarts  tailings 


Lead. 


Zino. 


89.8S)f 

87.9Qjt 

76.96 

4.77 

89.96 

89.68 

9.87 

89.86 

18.86 

80.00 

Not  stated. 

Not  stated. 

lb. — SIDE-JEBK  TABLES  WITH  RIFFLED  SUBFACES. 

§  493.  The  Wilflet  Table  separates  the  heavy  and  the  light  grains  into  lay- 
ers by  agitation,  and  then,  by  the  jerking  action,  throws  them  toward  the  head 
end,  while  at  the  same  time  the  lighter  grains  are  washed  down  the  slope  toward 
the  tail  side  by  the  surface  water,  which  flows  at  right  angles  to  the  direction  of 
the  jerk.  The  table  is  furnished  with  longitudinal  riflSes  or  grooves;  and  the 
concentrates  settle  in  the  rifiles  and  are  thus  forced  more  directly  toward  the 
head,  while  the  gangue  rolls  over  the  cleats  and  down  to  the  tail  side. 

*  Private  communication  from  John  W.  Meier. 
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The  main  frame  (see  Figs.  392a  and  3926)  consists  of  two  heavy  longitudinal 
timbers,  1  and  2,  with  four  cross  timbers,  5.  Two  of  the  latter  are  made  heavy 
to  support  the  shaking  mechanism,  and  two  are  light.     The  frame  is  held  to- 


FIG.  392a. — WILFLEY  TABLE. 


FIQ.  3926. — ^MAIN  FRAME  OF  WILFLEY  TABLE. 

e6 


TitUlngfi  Side  eg 

FIG.    392c. — ^WILFLEY    TABLE    TOP. 


W 


FIG.    392d. — WILFLEY    FEED    AND    WASH    WATER    TROUGH. 

gether  by  tie  bolts,  ^.  Upon  the  main  frame  are  three  cross  timbers  or  table-rests, 
6,  7  and  8y  which  are  screwed  to  the  tail  side  of  the  main  frame  by  lag  screws  that 
have  a  little  play,  and  rest  at  the  feed  side  upon  wedges,  52,  by  which  they  can 
be  raised  and  lowered  between  guides,  1^9. 
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These  wedges  are  all  connected,  by  a  tie  bolt>  with  a  rack  '58,  pinion  5-4,  and 
lever  55,  so  that  they  can  be  moved  simultaneously  and  equally.  Upon  each  of 
the  table-rests  are  screwed  two  supports  carrying  chilled  iron  rollers  5S,  and  upon 
the  six  rollers  so  placed  the  table  executes  its  endwise  jerking  motion.     Hard 

steol  plates  are  screwed  upon  the 
under  side  of  th?  table  to  take 
the  wear  of  the  rollers.  Side  mo- 
tion of  the  table  is  prevented  at 
one  end  by  connection  to  the  driv- 
ing mechanism,  which  is  firmly 
bolted  to  the  main  frame,  and  at 
the  other  end  by  the  guide  50, 
which  engages  with  a  projection 
on  the  under  side  of  the  table. 
The  table  is  made  of  wood  covered 
with  linoleum,  and  has  a  rim 
along  the  feed  or  upper  side  66 
(Fig.  392c),  and  across  the  back 
end  67.  It  has  no  rim  upon  the 
lower  or  tail  side  68,  nor  upon 
the  head  end  69,  The  table  is  16 
feet  long,  7  feet  wide  at  the  back 
end  and  4  feet  wide  at  the  head 
end,  and  the  comers  at  each  end 
of  68  are  right  angles.  The  lino- 
leum is  tacked  directly  upon  the 
wood,  using  tacks  only  around  the 
margin ;  and  a  set  of  longitudinal 
riffle  cleats  of  wood,  70,  is  tacked 
upon  this  plane  surface.  Fig. 
392c  shows  46  cleats  i  inch  wide,  with  |-inch  spaces  or  riffles  between  them.  The 
upper  cleat  is  4  feet  long  and  the  lower  one  nearly  16  feet  long.  At  the  back 
end  they  are  about  ^  inch  high  and  taper  down  to  nothing  toward  the  head  end. 
They  all  start  at  about  3  inches  from  the  back  rim ;  and  their  head  ends  lie  in 
a  straight  diagonal  line,  dividing  the  surface  into  two  parts — the  riffle  or  con- 
centrating plane,  and  the  cleaning  plane,  on  which  there  are  no  riffles.  The 
deeper  the  riffles  the  greater  their  power  to  retain  heavy  grains,  and  on  this  ac- 
count the  lower  riffle  cleats  are  often  made  higher  than  the  upper,  and  those  be- 
tween are  graded  from  one  to  the  other.  The  taper  of  the  riffles  causes  a  gradual 
separation  of  quartz  from  the  heavy  mineral,  which  favors  clean  work,  but  the 
concentrates  must  not  be  forced  to  climb  too  steep  a  grade  in  consequence  of  this 
taper,  for  if  so,  they  will  form  a  solid  bank,  and  refuse  to  move  forward.  The 
table  has  a  very  slight  rise  from  the  back  end  to  the  head  end  (^  inch  in  16 
feet) ;  and  for  a  space  of  3  inches  at  the  back  end  the  surface  slopes  jip  to  the 
back  to  a  height  of  J  inch,  which  prevents  the  formation  of  any  bank  at  that  end. 
The  table  is  driven  by  the  mechanism  shown  in  Fig.  392c.  As  the  crank  15 
revolves,  the  pitman  SO,  and  with  it  the  pin,  32,  rises  and  falls.  The  movable 
pin  5-4  and  the  fixed  pin  41  are  connected  with  33  by  means  of  the  toggles 
SSa  and  SSb,  so  that,  as  the  pitman  rises,  34  is  moved  to  the  left ;  and  this  mo- 
tion is  transferred  to  the  taole  through  the  yoke  25a,  the  connecting  rod  25b 
and  the  slotted  keeper  42,  the  latter  being  bolted  to  the  back  end  of  the  table. 
This  movement  compresses  the  spring  26,  and  when  the  pitman  falls  the  spring 
returns  the  table.  Since  the  spring  does  not  affect  the  character  of  the  move- 
ment, it  should  be  set  only  tight  enough  to  prevent  rattling;  any  further  tight- 


FIG.  392c.- 


-DRIVING  MECHANISM  OF  WIL- 
FLEY  TABLE. 
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ening  simply  consumes  power  to  no  purpose.  The  slot  in  the  keeper  1^2  permits 
the  slope  of  the  table  to  be  varied,  while  its  connection  with  the  power  is  main- 
tained. The  table  receives  an  accelerated  motion  to  the  right  when  the  pitman 
descends,  and  a  retarded  motion  to  the  left  when  the  pitman  rises ;  and  this  action 
carries  the  ore  particles  from  left  to  right ;  that  is,  from  the  back  end  toward  the 
head  end  of  the  table.  The  ideal  jerking  motion  would  be  uniformly  accelerated 
during  the  forward  movement  and  uniformly  retarded  during  the  return.  This 
mechanism  closely  approximates  the  ideal,  for  if  the  crank  circle  be  divided  into 
twenty-four  equal  parts,  the  amount  of  motion  for  equal  times,  when  running  at 
240  revolutions  per  minute,  and  with  a  f-inch  stroke,  will  be: 


Time. 

1 

Movemoot 
ofOnuik. 

MoTement 

of  Table. 

Inches. 

Thne. 

of  Crank. 

Horement 
ofTabla 
Inche*. 

A  iwuuimI 

u 

»-10 
10-11 

u-is 

0.000  forward. 
0.006      " 
0.086       ** 
0.086       " 
O.OBO       •* 
0.086       * 
0.110       " 
0.116       " 
0.180       •• 
0.110       " 
0.000       " 
0.086       " 

M 
U 

U 

u 
«k 
u 

Beoond 

18-18 
19-14 
14-16 
16-10 
10-17 
lT-18 

90-81 
n-88 
88^ 
9fr^ 

0.036  backward. 

0.080 

0 115          ** 

M       t*      .■•■..,. 

M               M          " •••••••• 

M 

•»        ••      , 

MM                              ^ 

M 

••        " 

u 

O.ttO 

0.110          " 
0.096          •• 
0.090          ** 

MM            ^^^^ 

•«                 

0.046           ** 

M              M            ^ 

M 

0.080          ^ 

M              M          ^^^^                ^    ^^ 

M 

0.086          ** 

M              M 

U 

0.006          *• 

M              M          ^ 

M 

0.000          ** 

The  diagram  of  this  stroke,  together  with  a  longer  and  a  shorter  one,  is  shown 
in  Fig.  393.  The  manufac- 
turers recommend  that,  for  or- 
dinary work,  the  stroke  should 
be  f  inch,  that  it  should  never 
be  more  than  1  inch  nor  less 
than  f  inch,  and  that  the  speed 
should  be  240  strokes  per  min- 
ute. The  length  of  stroke  is  in- 
creased by  raising  the  adjust- 
ment block  iO  (Fig.  392e). 
The  stroke  becomes  sharper  or 
more  vigorous  as  its  length  is 
increased,  if  the  number  of 
strokes  per  minute  remains 
constant ;  and  if  any  change  is 
made  the  block  40  must  be 
moved  only  a  little  at  a  lime, 
for  a  slight  change  at  this 
point  makes  a  difference  in  the 
work  of  the  table. 

The  feed  box  for  pulp  and 
wash  water  (see  Fig.  392(f) 
extends  along  the  whole  upper 
side,  66j  of  the  table,  being 
f-upported  about  1  inch  above 
the  table  by  brackets  J^8  (Fig. 
392a)  bolted  to  the  table-rests. 
The  pulp  is  delivered  to  this 
box  near  the  back  end,  and  the 
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^             ttM 
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fig.  393. — ^enlargement  of  stroke  diagrams 
(constructed  mathematically)  POR 
wilfley  table. 


ppace  over  which  the  pulp  passes  to  the  table  is  controlled  by  a  partition  which 
can  be  set  at  any  desired  distance  from  the  end.    The  wash  water  enters  between 
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two  partitions  with  adjustable  gates  11.  These  gates  serve  to  regulate  ih» 
quantity  of  clean  wash  water  passing  to  the  different  parts  of  the  table.  The 
pulp  and  wash  water  pass  to  the  table  through  holes  in  the  back  of  the  feed  bo\, 
near  the  bottom,  spaced  about  2J  inches  between  centers.  In  trial  runs  at  the 
Butte  Reduction  Works**  it  was  found  that  the  stationary  feed  box  did  not 
discharge  the  ore  well ;  but  when  it  was  given  a  shaking  motion  by  fastening  it 
to  the  table,  the  discharge  was  satisfactory.  It  was  also  found  better  to  displace* 
the  wooden  water  distributor  by  a  l^-inch  iron  pipe,  perforated  on  its  upper  sitl«' 
with  f-inch  holes,  spaced  2|  inches  between  the  centers.  This  pipe  is  supportetL 
in  a  stationary  position,  by  the  brackets  Jk8. 

The  lip,  60  (Pig.  392a),  over  which  the  tailings  discharge,  lacks  about  16 
inches  of  extending  to  the  head  end  of  the  table,  and  along  this  16-inch  space 
the  middlings  discharge  into  a  special  launder.  If  desired,  they  run  back  to  the 
little  sand  wheel  ii,  and  are  returned  to  the  feed  box,  but  they  will  generally 
be  sent  to  other  machines.  The  concentrates  are  discharged  at  the  head  end,  G9 
(Fig.  392c). 

The  table  may  be  fed  with  classified  products,  and  with  such  a  feed  it  is  a 
high  grade  three  mineral  concentrator.  It  may  also  be  fed  with  whole  stamp 
pulp  or  similar  material  when  only  two  minerals  are  to  he  separated,  and  thus 
enters  the  field  of  vanners.  While  it  does  very  good  work  on  such  unclassified 
pulp,  the  manufacturers  recommend  that  the  extremely  fine  material  be  sepa- 
rated and  treated  by  itself.  The  maximum  size  of  the  feed  depends  on  the  char- 
acter of  the  ore.  As  coarse  as  4-mesh  (about  4  mm.)  is  said  to  have  been  suc- 
cessfully concentrated,  and  also  ore  that  would  all  pass  through  a  200-mesh 
(about  0.06  mm.)  screen.*  The  latter  was  settled  in  a  large  classifier  and  drawn 
from  that  to  the  table.  Roughly  speaking,  most  of  the  ores  treated  are  between 
16  and  30  mesh  (about  1.0  and  0.5  mm.). 

The  capacity  of  the  table  depends  on  the  size  of  the  ore  particles,  their  spe- 
cific gravities  and  the  percentage  of  concentrates.  For  an  easily  concentrated 
coarse  ore  (say  8  mesh,  that  is  about  2  mm.),  it  may  be  25  to  35  tons  in  24 
hours;  for  ordinary  stamp  mill  pulp  it  is  perhaps  15  to  25  tons;  but  for  veij 
fine  material  it  is  much  less. 

The  following  results  were  obtained  in  the  course  of  regular  work  by  the  Sum- 
mit Mining  and  Smelting  Co.,  Summit  County,  Colorado,  on  a  quartz-pyrite  ore 
assaying  0.07  oxmce  gold  and  11.2  ounces  silver  per  ton.  In  23  hours  and  15  min- 
utes 64,000  pounds  (32  tons)  of  ore,  which  had  been  crushed  by  rolls  to  pass 
through  an  S-mesh  screen,  were  treated  on  a  single  table,  yielding  about  28  tons 
of  tailings,  which  were  re-ground  to  pass  through  a  30-mesh  screen  and  were 
treated  in  the  same  time  on  two  other  tables.  The  total  amount  of  concentrates 
was  12,652  pounds,  assaying  0.34  ounce  gold  and  53.7  ounces  silver  per  ton, 
36%  iron,  8%  zinc,  3%  lead,  and  4.2%  silica.  About  69%  of  the  concentraten 
were  obtained  from  the  first  table.  The  final  tailings  carried  a  trace  of  gold  and 
0.8  ounce  of  silver  per  ton.  Thus  95%  of  the  gold  and  94%  of  the  silver  in  the 
ore  were  concentrated  into  a  clean  product,  weighing  about  20%  of  the  origi- 
nal ore. 

At  the  Butte  Reduction  Works,  a  test  was  made  on  1,085  pounds  of  3-mm.  jig 
tailings,  assaying  1.2  ounces  silver  per  ton,  1.3%  copper  and  87.2%  silica, 
after  grinding  to  pass  through  a  20-mesh  screen.  The  concentrates  weighed  80 
pounds,  assaying  8.4  ounces  silver  per  ton,  8%  copper  and  16.4%  silica;  the  tail- 
ings assayed  0.6  ounce  silver  and  0.5%  copper.  The  concentrates  contained 
52%  of  the  silver  and  45%  of  the  copper  in  the  feed.  When  the  tables  had  been 
put  in  regular  running  order  they  treated  30  to  40  tons  in  24  hours,  and  in  a 
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little  over  three  months  there  were  obtained  from  this  formerly  waste  product, 
436  tons  of  concentrates  with  an  average  assay  of  7.1%  copper  and  8.1  ounces 
silver  per  ton. 

At  the  Parrot  Mill,  Butte,  Mont.,  a  number  of  tests  were  made  to  determine 
the  best  length  of  stroke  and  number  of  strokes  per  minute  for  re-ground  jig 
middlings  that  had  passed  through  a  box  classifier  and  were  of  about  20-mesh 
size.    The  results  are  shown  in  Table  321.    In  regular  work,  twenty  tons  of  this 

TABLE  321. — TESTS  OF  A  WILFLEY  TABLE  AT  THE  PABBOT  HILL,  BUTTE,  MONTANA. 


fML 


lfi,90B 
10.fi08 

7,ee» 

7388 
8,047 
7.0M 


4.6 
4.6 
4.6 
4.5 
4.6 
4.8 


6.1 
6.6 
6.6 
6.0 
6.1 
6.0 


OoDoentratfls. 


4,677 
8,010 
8,860 
8,190 
8,067 
1,888 


Jl 


18.1 
14.8 
18.1 
18.5 
18.8 
15.9 


16 
17 
16 
16 
16 
19 


18.8 
80.8 
84.8 
86.0 
84.8 
19.0 


TAiUll8& 


11,608 
7,588 
5,899 
5,188 
4,890 
6,190 


1.8 

0.65 

0.9 

0.06 

0.78 

0.88 


1.8 
0.8 
1.1 
0.8 
0.9 
1.1 


Peroent  of  Total 

Oiiginal  Value 

Obtained  In  the 

CJoncentrates. 


Copper. 


81 
90 
86 
90 
89 
86 


SilTer. 


75 
88 
84 
80 
87 
88 


Strokes 
Minute. 


8iO 
840 
840 
860 
8C6 
800 


Ueph 
Stroke. 


material  were  treated  in  24  hours,  yielding  1.8  tons  of  concentrates;  but  the 
author  has  not  the  corresponding  assays. 

§  494.  The  success  of  the  Wilfley  table  has  led  to  the  design  of  several  others 
which  in  their  general  features  are  like  the  Wilfley,  but  differ  in  details.  Those 
that  have  been  put  on  the  market  are  described  in  the  following  pages : 

The  Dodd  T/lblb,  which  has  recently  been  put  upon  the  market,  is  nearly 


PIG.    394. — HALLETT    TABLE. 

the  same  as  the  Wilfley.  One  of  the  chief  differences  is  in  the  fact  that  the  thick 
ends  of  the  riflfle  cleats  are  in  a  diagonal  line  parallel  to  the  line  of  the  thin  ends. 
A  diagonal  cleat  is  tacked  on,  which  ends  up  the  deep  ends  of  the  riffles.  The 
claim  is  that  this  device  forces  the  water  to  flow  down  with  the  ore,  and  so  enables 
the  table  to  do  its  work  with  less  water. 

The  Hallett  Table  (Fig.  394)  has  the  tops  of  the  riffles  in  the  same  plane  as 
the  cleaning  plane.  This  is  accomplished  eitner  by  cutting  the  riffles  as  depres- 
sions in  a  plane  board  surface,  or  by  making  the  table  of  two  planes  with  a  slight 
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angle  between  them,  such  that  the  tapered  riffljes  tacked  upon  the  one  will  bring 
the  concentrating  and  cleaning  planes  into  one  plane. 

The  riflSes,  instead  of  being  parallel  to  the  tail  side  of  the  table,  incline  to- 
ward the  wash-water  side  as  they  become  shallower,  and  thus  carnr  the  heads  and 
middlings  farther  away  from  the  tailings  discharge.  The  middlings  are  dis- 
charged from  the  head  end  instead  of  from  the  tail  side;  and  the  launders  for 
catching  the  different  products  can  be  adjusted  by  sliding  them  along  their  sup- 
porting rod.  The  pulp  distributor  is  attached  to  and  shakes  with  the  table, 
while  the  wash  water  is  applied  from  a  stationary  spray  pipe.  The  table  is  sup- 
ported at  each  corner  on  a  steel  rod  or  toggle  24  inches  long,  the  lower  end  of 
which  rests  in  a  cup.  By  screwing  these  cups  up  or  down  in  their  holders  the 
slope  of  the  table  may  be  varied  lengthwise  as  well  as  sidewise.  The  table  is  gen- 
erally set  with  a  gentle  downward  slope  toward  the  heads  discharge. 

In  making  a  three  mineral  separation  (galena,  blende  and  quartz)  Hallett,  in 
Mill  49,  first  crushes  all  the  ore  in  a  Chili  mill  to  pass  through  a  GO-mesh  screen ; 
and  then  sends  it  to  a  hydraulic  classifier  with  three  spigots,  followed  by  a  box 
classifier  (spitzkasten)  with  six  spigots.  He  has  no  difBculty  in  separating 
galena,  pyrite,  blende  and  quartz,  making  a  separate  product  of  each.  In  sepa- 
rating galena,  blende  and  quartz  he  obtained  the  following  results: 


Ore  fed 

Lead  product.. 
Zlno  product... 


2? 
70 

0.9 


Zinc. 


8 


In  treating  this  ore  the  adjustments  are  varied  to  suit  the  different  slime 
sorts.  The  slope  toward  the  head  end  varies  from  1  inch  to  2^  inches  in  16  feet ; 
while  the  side  slope  varies  from  almost  nothing  to  1  inch  in  7  feet  The  num- 
ber of  throws  varies  from  150  to  300  per  minute,  and  the  length  of  stroke  from 
i  inch  to  1^  inches.  The  coarsest  ore  requires  slowest  speed,  longest  stroke, 
least  end  slope,  and  greatest  side  slope.  The  total  water  used  on  each  table  is 
from  5  to  7  gallons  per  minute.  The  capacity  of  the  Hallett  table  in  Mill  49 
on  the  60-mesh  stuff  is  9  tons  in  24  hours.  Hallett  estimates  that  on  coarser 
stuff  (20  or  30-mesh)  it  can  treat  at  least  14  tons  in  24  hours. 

The  Woodbury  Table  is  supported  by  and  vibrates  upon  toggle  rods,  similarly 
to  the  Hallett.  To  adjust  the  slope,  the  main  frame  is  raised  or  lowered  by 
means  of  jack  screws.  The  table  is  the  same  width  at  the  head  end  as  at  the 
back  end.  The  riffles  are  parallel  to  the  tailings  side  of  the  table,  and  are  graded 
slightly  in  length,  but  the  upper  one  is  nearly  as  long  as  the  lower.  There  is  a 
short  cleaning  plane  beyond  their  ends.  The  wash  water  is  applied  by  a  spray 
pipe.  The  driving  mechanism  consists  of  a  specially  designed  cam,  which  gives 
the  desired  jerking  motion  and  has  an  adjustable  throw. 

At  Mill  72,  these  tables  have  recently  replaced  Woodbury  vanners  to  treat 
gravity  stamp  pulp  at  the  rate  of  15  tons  per  table  in  24  hours,  after  it  has  passed 
over  amalgamated  plates.  The  ore  carries  about  1J%  of  pyrite,  and  each  table 
makes  500  pounds  of  concentrates  per  day,  assaying  $65.00  per  ton,  and  the  tail- 
ings assay  $0.38  per  ton. 

The  Cammett  Table  (Figs.  395a  and  3956)  is  mounted  upon  a  substantial 
frame  A,  hinged  at  one  end  B  to  the  foundation  timbers,  the  other  end  being 
supported  on  jack  screws,  which  serve  to  vary  the  longitudinal  slope.  The  trans- 
verse slope  is  adjusted  by  means  of  cams,  which  are  keyed  to  a  continuous  longi- 
tudinal shaft,  upon  which  bear  the  babbitted  slide  bearings  fastened  to  the  under 
side  of  the  table  top  C,  A  similar  shaft  fixed  on  the  opposite  side  of  the 
frame  A,  serves  as  a  support  on  that  side  for  the  table  top.  There  are  but  four 
bearings  for  the  entire  table  top,  all  maintained  in  accurate  alignment  by  the  con- 
struction employed. 
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The  working  surface  C  of  the  table  is  the  same  width  at  the  head  end  as  at 
the  back  end,  and  is  made  of  redwood  and  coated  with  a  special  paint,  which 
leaves  a  surface  similar  to  slate.  The  riffles,  continuous  from  the  back  end  to  the 
head  end  of  the  table,  are  cut  out  of  solid  wood,  and  not  made  by  tacking  on 
cleats.    The  depth  of  the  riffles  is  greatest  next  to  the  back  end  of  the  table,  and 


FIG.  395a. — CAMMETT  TABLE. 

gradually  diminishes  to  a  certain  point  near  the  head  end  of  the  table,  where  it 
reaches  its  minimum;  thence  the  same  depth  to  the  extreme  head  end  where 
the  concentrates  are  dischargd. 

The  feed  is  distributed  by  means  of  the  grooves  in  the  edge  of  the  feed-box 
D.    The  wash  water  is  applied  on  the  feed  side  from  four  independent  sources 

EEE  (the  fourth  is  behind  D),  and  thence  flows 
transversely  across  the  table  nearly  at  right 
angle  to  the  longitudinal  reciprocating  motion. 
The  driving  mechanism  gives  a  motion  simi- 
lar to  the  Wilfley.  It  consists  of  a  step  pulley 
F,  fly-wheel  0,  short  crank  H,  connecting  rod  I, 
long  crank  J,  and  short  crank  K,  to  which,  is 
bolted  a  sharp-edged  piece  L,  which  bears 
against  an  iron  piece  M,  on  the  end  of  the  table 
and  transmits  the  motion.  A  spring  beneath 
the  table  (not  shown)  serves  to  keep  the  pieces 
L  and  M  in  contact  and  to  prevent  any  backlash 
in  the  mechani^im.  The  distance  of  the  piece, 
L,  from  its  shaft  is  adjustable,  thereby  regulat- 
ing the  amount  of  throw.  Further  adjustment 
in  the  amount  and  character  of  the  throw  is  ob- 
J,  It  will  be  seen  that  this  mechanism  is  the 
described  in  §  409.  The  power  required  in 
aTerage  practice  is  from  0.25  to  0.33  horse  power,  as  det?rrained  by  actual  test. 
At  the  Consolidated  Stanley  Mining  Co.'s  mill,  Idaho  Springs,  Colorado,  jig 
middlings,  after  being  recrushed  by  gravity  stamps  and  passed  over  amalga- 
mated plates,  go  to  a  hydraulic  classifler,  which  sends  the  spigot  product  to  one 
Camroett  table  and  the  overflow  to  a  second.    The  feed  to  the  first  table  (about 


no.  3956. — ^DRIVING  MEGHAN- 
ISM  FOR  THE  GAMMETI 
TABLE. 

tained  by  the  slot  in  the  crank 
bo-called  crank-arm  mechanism 
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60  mesh)  assays  0.15  ounce  gold  and  2.4  ounces  silver  per  ton;  the  concentrates 
1.3  ounces  gold^  16  ounces  silver  and  6%  lead;  with  the  tailings  0.05  ounce  gold 
and  1.1  ounces  silver.  The  feed  to  the  second  table  (maximum  about  100  meshj 
assays  0.2  ounce  gold  and  3  ounces  silver  per  ton;  the  concentrates  1.4  ounces 
gold  and  18  ounces  silver;  with  the  tailings  0.07  ounce  gold  and  2  ounces  silver. 
The  Bartlett  Table  (Fig.  396a)  differs  from  the  others  of  the  Wilfley  typo, 
in  having  the  washing  surface  divided  into  three  shelves^  each  about  1  foot  wide 


FIG.   396a. — ^BARTLETT  TABLE. 

and  11  feet  long.  The  tapering  rifHes  are  V-shaped,  and  extend  the  whole  length 
of  the  table.  The  working  surface  is  made  of  either  wood  or  iron.  The  tailings 
from  the  different  points  on  the  lower  edge  of  the  first  shelf  are  conducted 
backward  2  to  4  feet  by  little  sloping  spouts,  and  delivered  to  the  second  shelf 
for  re-treatment  The  tailings  of  the  second  shelf  are  similarly  conducted  to 
the  third  dielf  for  final  treatment.  To  prevent  very  fine  sulphurets  being  car- 
ried into  the  tailings,  little  or  no  wash  water  is  used  on  the  first  shelf,  more  is 


V   *'  '' — — w*- 

PIG.      3966. — DRIVING     DEVICE      FOE 
BARTLETT  TABLE. 


FIG.  397. 


used  on  the  second  shelf,  and  most  on  the  tfiird.  The  main  frame  is  of  iron,  and 
the  table  is  carried  upon  this  by  means  of  stirrups  and  toggles  very  much  like 
those  used  on  the  Embrey  vanner  (see  §483).  The  stirrups  and  toggles  are 
ndjustable  up  and  down  by  means  of  the  little  hand-wheel  nuts  shown  at  the  tops 
of  the  posts  in  Fig.  396a.  This  adjustment  controls  the  slope  of  the  table  in  all 
directions. 

The  table  is  operated  by  a  plain  eccentric.    The  eccentric  rod  passes  through  a 
lug  on  the  under  side  of  the  table  (see  Fig.  3966),  and  carries,  on  its  outer  end,  a 
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coiled  steel  springs  6  inches  long,  3|  inches  in  diameter,  made  of  {-inch  steely 
and  adjusted  by  lock  nuts  on  the  eccentric  rod.  On  the  other  side  of  the  lug 
is  a  second  coiled  spring  12  inches  long  and  3|  inches  in  diameter,  made  of 
J-inch  steel  and  adjusted  by  lock  nuts,  on  the  eccentric  rod.  The  reversal  at  the 
forward  end  of  the  stroke  is  controlled  by  the  stiff  spring,  that  at  the  back  end 
by  the  weaker  spring.  This  combination  fulfils  the  demands  of  an  excellent 
vanning  motion. 

The  Ovebstrom  Table  which  has  appeared  in  the  year  1901  is  the  latest  form 
of  ri£9e  table.  Its  shape  is  that  of  a  geometrical  rhomboid.  The  line  of  the  rifiSe 
blocks  and  the  direction  of  motion  of  the  table  are  the  same,  and  are  nearly 
parallel  to  the  shorter  diagonal  of  the  rhomboid.  The  designer  has  really  re- 
arranged the  Wilfley  table  so  that  nearly  the  whole  surface  is  utilized  and  the 
idle  comers  that  existed  on  the  Wilfiey  between  the  head  end  and  the  wash  water 
side  and  between  the  back  end  and  the  tailings  side  are  done  away  with. 

Comparisons. — In  comparing  the  Wilfley  table  with  its  parent,  the  Eittinger, 
we  find  three  differences:  (1)  the  great  lateral  extension  of  the  Wilfley;  (2) 
the  riffles;  and  (3)  the  vanning  motion.  The  great  lateral  extension  of  the 
Wilfiey  table  spreads  out  the  minerals  in  wider  bands  than  on  the  Bittinger,  so 
that  there  is  no  undue  thickening  of  the  pulp  bed  along  one  line  tending  to  harm- 
ful directing  of  the  water;  it  also  permits  a  more  exact  division  of  the  products. 
The  riffles  increase  the  capacity  of  the  table^  because  they  can  catch  and  convey 
a  large  amount  of  concentrates;  they  also  enable  the  table  to  make  a  two-min- 
eral separation  with  unclassified  pulp  almost  as  perfectly  as  with  classified 
pulp,  whereas  on  the  Bittinger  a  perfect  classification  of  the  feed  pulp  is  essen- 
tial to  success.  With  unclassified  pulp  the  riffles  provide  for  the  coarsegrains  of 
concentrates  by  guiding  them  out  to  the  point  where  they  join  the  band  of  clean 
concentrates ;  and  they  provide  for  the  finer  grains  by  settling  them  in  the  riffle 
spaces,  and  then  the  coarse  grains  plough  them  along  to  the  concentrates  band. 
When  more  than  two  minerals  are  to  be  separated,  however,  the  Wilfiey  requires 
the  same  care  as  the  Bittinger  in  classifying  the  feed.  While  the  vanning  mo- 
tion of  the  Wilfiey  undoubtedly  has  a  more  favorable  action  on  the  separation  of 
the  minerals  than  the  bumping  motion  of  the  Bittinger,  by  keeping  the  bed  softer 
and  more  mobile,  its  chief  advantage  is  that  it  does  not  strain  and  wear  the  ma- 
chine nearly  so  much. 

The  smooth  Wilfley,  lately  adopted  in  certain  mills,  has  an  advantage  over  the 
Bittinger,  as  already  stated,  in  the  great  lateral  extension  and  in  the  gentler 
vanning  motion.  It  must,  however,  be  fed  with  classified  products.  The  ad- 
vantage the  riffled  Wilfiey  has  over  the  smooth  Wilfiey  may  be  thus  stated:  The 
behavior  of  an  unclassified  product  fed  upon  a  smooth  Wilfiey,  which,  for  ex- 
ample, we  will  say  is  treating  galena  and  quartz,  is  illustrated  by  Pig.  397.  The 
feed  coming  on  at  /  spreads  in  two  lapping  fans,  fob  of  galena  and  fed  of  quartz. 
The  coarse  galena  is  at  h,  the  fine  at  d,  the  coarse  quartz  at  d,  the  fine  at  c.  One 
of  two  things  can  be  done  to  prevent  the  large  middlings  product  of  mixed  quartz 
and  galena,  between  fc  and  fb:  first,  if  the  feed  has  passed  through  a  classifier 
the  coarse  galena  between  e  and  h  has  been  taken  out  to  be  treated  elsewhere  and 
the  Wilfley  makes  clean  products;  second,  riffles  may  be  put  on,  which  will  force 
the  coarse  galena  at  h  up  to  e,  or  nearly  so,  and  the  little  that  fails  to  get  up  is 
caught  in  the  middlings  and  treated  again,  so  that  clean  products  are  made  with 
a  small  middling  product  between  them.  The  finest  mud,  containing  heavy  min- 
eral that  is  too  fine  to  settle  on  a  vibrating  table,  is  carried  down  into  the  tailings 
tig. 
Tables  with  riffles  have  the  advantage  that  the  weaker  grains  of  concentrates, 

which  fail  to  be  retained  in  the  upper  riffles,  find  in  the  lower  riffles  a  place 

where  the  pulp  is  more  loose  and  soft,  so  that  they  are  relatively  stronger  than 
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their  neighborB,  and  can  therefore  be  retained  and  conveyed  either  into  the  heads 
or  into  the  middlings. 

The  tables  wholly  covered  with  rifl5e8,a8  the  Bartlett  and  Cammett,  probably  have 
the  greatest  capacity  of  all  the  tables  upon  ores  with  a  large  percentage  of  concen- 
trates and  upon  coarser  products.  The  greater  the  depth  of  the  riflBes  up  to  a  point 
where  other  complications  come  in,  the  greater  will  be  this  capacity,  and  the 
coarser  the  grain  that  can  be  treated.  The  tables  having  a  combination  of  riffles, 
or  coneentrating  plane,  with  a  smooth  or  cleaning  plane  beyond,  as  the  Wilflev, 
Hallett  and  Woodbury,  are  more  advantageous  for  treating  products  carrying 
a  small  amount  of  concentrates,  for  treating  fines  and  for  making  a  three-min- 
eral separation,  because  the  separation  can  be  more  perfectly  completed  on 
the  smooth  surface  (where  the  particles  spread  out  in  fan-like  bands  with  clear 
lines  of  demarcation  between  the  different  minerals)  than  in  the  riffles. 

Of  the  tables  having  riffles  followed  by  a  smooth  cleaning  plane,  those  that 
have  the  riffles  ending  on  a  diagonal  line,  as  the  Wilfley  and  Hallett,  have  the 
advantage  that  the  light  grains  of  concentrates  which  failed  to  be  caught  in  the 
upper  rffles,  but  are  caught  lower  down,  are  carried  out  and  delivered  on  the 
cleaning  plane  more  nearly  in  line  with  their  would-be  fellows  than  if  the  riffles 
were  all  of  the  same  length. 

The  tables  which  have  the  cleaning  plane  in  the  same  plane  with  the  tops  of 
the  riffle  cleats,  or  concentrating  plane,  as  the  Hallett,  have  the  advantage  that 
the  fan  on  the  cleaning  plane  will  open  out  much  wider  and  therefore  make  the 
separation  simpler  and  easier,  particularly  when  it  is  a  three-mineral  separation. 

All  the  tables  have  the  lateral  slope  adjustable,  this  adjustment  being  in  con- 
stant use.  Some  also  have  a  longitudinal  slope  adjustment,  which  would  seem  to 
be  an  important  help  for  occasional  use. 

The  above  combination  of  improvements,  initiated  by  Wilfley  in  1896,  has 
given  us  the  most  efficient  class  of  fine  concentrators  yet  produced.  The  im- 
proved design  is  continually  finding  new  applications — for  certain  products  it 
has  displaced  end-bump  tables,  vanners,  slime  tables,  fine  jigs,  and  is  even  enter- 
ing the  field  of  the  medium  jigs;  and  it  has  probably  not  yet  prospected  its  whole 
field  of  usefulness. 

11.  END-BUHP  TABLES. 

§  496.  The  Gilpin  County  Concentrator  is  a  continuous  working  bumping 
table,  with  cam,  spring  and  bumping  post.  The  heavy  and  light  minerals  are 
separated  into  layers  by  the  agitation,  and  are  propelled  up  the  slope  of  the 
table  by  the  bumping  action,  but  the  wash  water  carries  down  the  surface  quart? 
at  a  higher  speed  than  the  bump  can  send  it  up. 

The  tables  are  generally  mounted  in  pairs,  each  single  table  being  85  inches  long 
and  18  inches  wide.  At  Mill  77,  single  tables  are  used.  The  lower  68  inches  is  a 
fiat  surface,  sloping  about  f  inch  per  foot,  while  the  upper  17  inches  rises  by  a 
concave  cylindrical  surface  to  a  height  of  about  2  inches  above  the  plane  of  the 
flat  surface.  About  3  inches  at  the  upper  edge  is  curved  downward  for  the  dis- 
charge of  the  concentrates,  the  lower  edge  also  being  curved  down  to  discharge 
the  tailings.  A  pair  of  tables  is  suspended  from  four  cast  iron  posts  by  vertical 
rods,  which  have  knife-edge  bearings.  The  slope  is  varied  by  means  of  lock  nuts 
on  the  suspending  rods.  The  posts  are  bolted  to  two  longitudinal  sills,  which  are, 
in  turn,  bolted  to  four  cross  sills,  three  of  which  are  placed  at  the  head  of  the 
tables.  In  the  center,  at  the  head  end,  the  bumping  block  is  strongly  bolted  to  the 
head  sills.  Between  the  tables  is  a  heavy  buffer  rod,  on  the  tail  end  of  which  i? 
the  tappet  for  the  cam.  At  the  head  end  it  is  shod  with  iron  to  strike  the  bump- 
ing block.    On  the  two  tail  posts  is  a  shaft  with  a  driving  pulley  and  a  two-armed 
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cam  which  pulls  the  table  toward  the  tail ;  at  release  a  flat  spring  in  front  of  the 
cam  pushes  the  table  toward  the  head  end.  The  bumping  block  stops  the  motion 
suddenly,  causing  all  particles  on  the  table  to  slide  up  hill.  Side  motion  of  the 
table  is  prevented  by  the  posts  or  by  diagonal  stay  rods.  The  surface  is  made  of 
cast  iron,  steel  or  copper  plate.  Cast  iron  is  said  to  give  the  best  catch,  but  is 
very  heavy.  With  cast  iron  surface^  the  shaking  part  weighs  1,100  pounas,  with 
copper  700  pounds,  with  steel  600  pounds.  In  Mill  77  an  amalgamated  copper 
surface  is  used,  and  serves  to  catch  a  small  amount  of  gold. 

The  ore  is  fed  by  a  box  distributor  across  the  junction  between  the  curved 
and  fiat  parts.  Wash  water  may  or  may  not  be  used.  When  used,  it  is  distributed 
across  the  table  just  below  the  top  crest,  so  that  a  small  amount  of  wash  water 
will  go  over  with  the  heads. 

The  table  receives  from  120  to  180  shocks  per  minute.  The  length  of  the 
movement  is  1^  inches  to  3  inches,  the  length  decreasing  as  the  number  increases. 
In  Mill  77,  a  single  table  treats  5}  tons  in  24  hours,  the  tailings  of  three  of  these 
going  to  one  table  for  re-treatment.  The  concentrates  carry  10  to  12%  of 
silica.  The  surface  is  amalgamated  copper  plate  on  wood,  and  yielded  1  ounce 
amalgam  every  two  months.  The  copper  lasts  one  to  two  years.  The  data  from 
the  imlls  is  given  in  Table  322. 

These  tables  must  be  fed  with  whole  pulp  without  any  previous  classification. 
On  classified  stuff  they  separate  the  minerals  into  layers  all  right,  but  the  dis- 
charge of  the  heads  is  impeded,  owing  to  their  fineness,  because  there  are  no 
coarse  grains  of  heavy  mineral  to  drag  up  the  fine  ones ;  and  on  very  fine  pulp 
it  fails  entirely.  The  maximum  size  of  grain  fed  to  them  is  generally  between 
40  mesh  (about  0.35  mm.)  and  80  mesh  (about  0.15  mm.). 

The  Ellenbecker  Table  is  3  feet  wide  by  6  feet  long.  It  has  a  wooden  bottom 
covered  with  copper  plate.  The  lower  3  feet  is  horizontal,  the  upper  rises  1^ 
inches  in  3  feet.  It  is  suspended  on  four  hinged  rods,  which  serve  as  guides  for 
longitudinal  motion.  The  table  is  given  a  jerking  motion  by  means  of  a  driving 
shaft  (with  fly-wheel),  eccentric  eear  transmission  (giving  accelerated-retarded 
motion),  and  eccentrics,  the  speed  being  about  130  to  150  jerks  of  1  to  2  inches  per 
minute.  The  jerk  throws  the  grains  up  the  slope ;  the  wash  water  floats  down 
the  surface  quartz  particles.  It  is  fed  across  the  middle  and  has  little  wash  water 
distributed  across  the  top.  It  treats  about  3  tons  in  24  hours,  maximum  size 
about  60  mesh  (about  0.2  mm.).  It  was  used  between  1870  and  1880  at  Mill 
44.     Its  work  is  now  done  by  slime  tables  and  Wilfley  tables. 

Imlay. — ^This  is  an  end-shake  jerking  table,  much  like  the  Ellenbecker,  but  is 
supported  on  toggles.  It  is  4  feet  wide  and  7^  feet  long,  and  makes  200  oscilla- 
tions of  about  i  inch,  which  can  be  varied  by  cone  pulleys. 

Thb  Gk)LDEN  Gate  Concentrator  is  a  jerking  table  which  separates  the  min- 
erals into  layers  by  agitation,  at  the  same  time  moving  the  particles  rapidly  for- 
ward by  the  jerk.  The  table  is  11  feet  long  and  4  feet  wide.  It  has  a  slight  down 
slope  for  about  7  feet  from  the  feed  end,  and  then  rises  about  4  feet  to  the  end 
where  the  heads  are  discharged.  The  heads  receive  a  final  cleaning  by  a  stream 
of  clear  water  as  they  are  jerked  up  this  second  slope.  The  tailings  are  removed 
by  suction  at  the  point  where  the  direction  of  slope  changes.  Above  the  wash- 
ing surface  there  is  a  frame  with  wire  nail  points  projecting  downward  about 
2  inches  apart.  This  frame  is  given  a  side  vibration  at  the  same  time  that  the 
table  receives  its  end  jerk,  the  result  being  that  the  nail  points  describe  curved 
paths  in  the  pulp  bed,  and  so  prevent  any  banking  of  the  ore.  The  table  is 
driven  by  the  sliding  block  mechanism  (see  §  408),  and  receives  260  short  vibra- 
tions per  minute.  While  the  capacity  is  very  large  the  first  cost  is  high  ($1,700), 
and  the  tailings  carry  considerable  fine  concentrates.  At  Oldham,  Nova  Scotia, 
it  treated  gravity  stamp  pulp,  which  had  passed  over  amalgamated  plates,  at 
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TABLE  322. — ^BUMPING  TABLES. 
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the  rate  of  24  to  30  tons  in  24  hours,  yielding  l,000i  to  1,200  pounds  of  con- 
centrates assaying  $70  per  ton,  and  tailings  assaying  $0.50  to  $0.54  a  ton.  The 
values  in  this  ore,  however,  were  not  carried  by  the  fine  arsenopyrite.  If  they 
were  the  tailings  would  have  been  much  richer. 

Comparison  of  Side-Bump  and  End-Bump  Tables. — The  tables  with  side 
bump  throw  all  the  particles  toward  the  side,  while  the  water  current  rolls  them 
down  hill  at  rates  varying  with  the  size  of  the  grains  and  their  specific  gravity, 
the  larger  and  lighter  grains  moving  faster  than  the  smaller,  heavier  grains. 
The  combination  of  these  actions  yields  the  particles  spread  out  like  a  fan,  and 
it  follows  that  the  table  can  turn  out  heads,  middlings  and  tailings  or  it  may 
yield  more  than  three  products,  for  example,  galena,  pyrite,  blende  and  quartz, 
each  quality  of  mineral  being  guided  into  its  own  catch  box.  The  end-jerking 
tables,  on  the  other  hand,  separate  the  particles  into  layers,  then  by  the  jerk 
throw  them  toward  the  head  end,  and  between  the  jerks  the  w^ater  rolls  the 
grains  in  the  top  quartz  layer  toward  the  tail  end.  By  rightly  adjusting  the 
slope  the  pyrite  is  jerked  up  hill  and  the  quartz  is  rolled  down  hill.  It  follows 
that  machines  of  this  class  can  make  only  heads  and  tailings;  and  if  it  is 
desired  to  make  middlings,  with  a  view  of  producing  cleaner  heads,  or  to  make 
a  three-mineral  separation,  then  two  tables  must  be  used,  one  following  the 
other.  The  first  will  yield  the  galena,  for  example,  as  heads,  and  the  blende  an^ 
quartz  will  go  together  into  the  tailings;  the  second  table,  re-treating  these 
tailings,  will  make  blende  as  heads  and  quartz  as  tailings.  This  combination 
will  give  a  much  less  perfect  result,  however,  than  the  Wilfley  or  Stein,  working 
upon  sorted  products. 

miscellaneous  machines  using  agitation, 

§  496.  The  Salzburg  Table  is  a  bumping,  intermittent  table,  3.8  m.  (12  feet 
6  inches)  long,  1.5  m.  (4  feet  11  inches)  wide,  Avhich  builds  up  a  bank  of  ore 
and  requires  to  be  {^topped  and  shoveled  out  from  time  to  time,  when  heads  and 
middlings  have  collected  sufficiently.  The  tailings  pass  off  to  waste,  over  the 
open  tail  end,  while  the  table  is  working.     It  is  suspended  from  four  rods.     A 
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cam  draws  the  table  toward  the  tail,  and  a  spring,  at  release,  pushes  it  toward 
the  head,  against  a  bumping  post.  It  usually  msdkes  70  to  80  throws  a  minute, 
of  13  to  20  mm.  in  lengthy  consuming  0.7  to  1.1  horse  power.  It  slopes  about 
2**,  which  is  adjusted  as  the  ore  bed  builds  up.  It  should  be  fed  with  a  sorted 
product.  Though  an  old  table,  it  still  finds  favor  in  Germany  on  account  of  its 
successful  treatment  of  the  coarse  slimes.  Tests  at  Przibram,  Bohemia,  showed 
it  to  save  20%  more  silver  and  30%  more  lead  from  coarse  slimes  than  the 
Rittinger  table.^"  It  uses  less  water  than  the  latter,  and  so  loses  less  fine  min- 
eral.    It  requires  much  attendance. 

One  table  works  800  pounds  an  hour  of  coarse  meal  using  3.74  gallons 
water  a  minute ;  one  table  works  400  pounds  an  hour  of  middle  meal  using  2.47 
gallons  water  a  minute ;  one  table  works  200  pounds  an  hour  of  fine  meal 
usin^  1.87  gallons  water  a  minute;  one  table  works  60  to  100  pounds  an  hour 
of  slimes  using  0.94  gallon  water  a  minute. 

The  Hendy  Concentrator  is  a  shallow,  circular  pan,  5  or  6  feet  in  diameter 
and  about  8  inches  deep,  with  a  slightly  convex  conical  bottom,  pivoted  at  the 
center  and  given  a  circular  oscillating  movement  of  about  1  to  2  inches,  215  to 
225  times  per  minute.  The  ore  is  fed  all  around  the  circumference  by  revolv- 
ing spray  feeder  arms.  The  agitation  settles  the  pyrite  to  the  bottom,  the  quartz 
rising  to  the  surface.  The  former  is  collected  by  centrifugal  force  in  a  groove 
around  the  circumference  and  is  discharged  through  a  little  gate,  which  is  regu- 
lated to  suit  the  ore.  The  quartz  is  carried  by  the  water  toward  the  center  of 
the  pan  and  overflows  inward  to  a  discharge  spout.  The  depth  of  the  water  is 
of  course  greater  at  the  circumference  than  at  the  center.  The  machine  will 
treat  about  4  tons  in  24  hours.  It  was  formerly  much  used,  but  has  been  dis- 
placed by  vanners.  A  machine  similar  to  this  is  used  at  the  Mayflower  mill, 
Idaho  Springs,  Colorado,  to  treat  re-stamped  jig  middlings.  It  consists  of  a 
pan  2  feet  6  inches  diameter,  1  foot  deep,  oscillating  on  a  central  pivot.  It  is 
fed  at  the  center  from  a  hopper,  through  a  downwardly  expanding  cone,  which 
causes  the  sand  to  assume  the  condition  of  hindered  settling.  The  tailings  are 
discharged  at  the  circumference  and  go  to  Gilpin  County  bumping  tables,  while 
the  concentrates  are  discharged  through  four  adjustable  gates  in  the  bottom, 
and  eent  to  the  smelting  works. 

The  Mechanical  Batea  is  used  for  washing  away  the  fine,  light  stuff  from  the 
charge  of  the  clean  up  barrel  in  amalgamating  mills.  That  used  in  Mill  72  is 
a  pan  36  inches  in  diameter,  with  the  bottom  a  spherical  surface  having  its 
center  4  inches  below  the  margin.  The  pan  has  vertical  sides  4  inches  high, 
with  an  annular  rim  1^  inches  wide,  extending  horizontally  inward  from  near 
the  top  of  the  sides,  to  prevent  slopping.  It  is  suspended  by  three  rods  12  feet 
long  with  tumbuckles  for  leveling.  The  pan  receives  a  gyrating  motion  by 
a  central  crank  beneath,  with  a  radius  of  1^  inches,  and  makes  about  40  revolu- 
tions per  minute,  requiring  about  1  horse  power.  The  discharge  nozzle,  which 
is  held  between  guides,  prevents  the  pan  from  revolving.  The  charge  is  fed 
at  one  side,  and  the  light  stuff  overflows  at  the  opposite  side,  through  a  nozzle 
whose  sole  is  level  with  the  bottom  margin  of  the  pan.  It  yields:  (a)  Over- 
flow to  amalgamating  plates  and  (6)  residue  to  hand  pan  for  further  cleaning, 
which  yields:  (1)  Amalgam,  retorted;  (2)  mercury,  goes  back  to  mill;  (3) 
scrap  iron,  waste;  (4)  lump  ore,  back  to  stamps;  (5)  rich  concentrates,  to  chlo- 
rination  works. 

The  Fulton  Iron  Works,  the  Hendy  Machine  Works  and  the  E.  P.  Allis  Co. 
each  advertise  a  batea  supported  by  two  rods  at  the  back  and  a  roller  under  the 
discharge  nozzle,  and  applying  the  power  by  a  crank  at  the  side  opposite  to  the 
nozzle  (sec  Fig.  398). 
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TABLE  323. — SLIME  TABLE  C0N8TBUCTI0N  AND  OPERATION. 
AblveviatfoM.— Ft.sf^et;  la-slncbes;  L.sLower;  No.=Niimber;  ta-staUe;  tr.stroumwl, 
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Clark  coDvex  Step  table.  Bt,  Central  cup.  B|«  Central  cup  and  flzed  cone.  B„  Central  cup  and  flat  apron.  B4. 
Fan  distributor  and  roTolving  cone.  Bi,  Fan  distributor  and  flzed  cone.  B«,  Fan  distributor,  flzecf  coneand 
apron.  Bt«  Evans  dead  head.  Ba,  RevolTing  feeder.  Bp^  Spray  pipe  delivering  on  central  cone.  B,»,  Spray 
pipa.  Bi„  Straight  diagonal  spray  pipe.  6,*,  Curved  diafconal  spray  pipe.  B,.,  Diagonal  jet  pipe,  Wincn 
jeca.  B,4,  Diagonal  Jet  pipes,  seven  )!^inch  Jets,  3  inches  apart  Bt,,  Btralght  Jet  pipe.  B,«,  Straight  Jet 
pipe,  siz  A^neb  Jets.  Bi,,  Straight  Jet  pipe,  four  V^-uich  Jets.  Bi^,  Straight  Jet  pipe,  two  ^-inch  Jets.  6,9. 
Curved  Jet  pipe.  Bso«  Revolving  pipe.  B«„  Radial  Jet  pipe.  B^  Radial  Jet  pipe,  U-inch  Jets.  B,.,  Radial 
jt't  ptoe,  ^-mch  Jets.  C„  Overflow  of  hydraulic  dasslfler .  C«,  Third  spigot  of  No.  1  nydranlic  dasaifler,  and 
OTerflow  of  Jffo.  £  C|,  First  q>igot  of  No.  1  surface  current  clasafier.  C4,  Second  spigotof  No.  1  surface  current 
claaalfler.  Ct,  Third,  fourth  and  flf th  spigots  of  No.  1  surface  current  ciasslfler.  Ct,  Spigots  of  No.  1  and  No. 
2  surface  current  dassifler.  Cr,  Spigots  of  No.  8  and  No.  S  surface  current  classiflers^  ^  ~.  .  ... 
No.  1  wliole  current  dassifler.  Cr,  Second  spigot  of  No.  1  whole  current  dassifler.  " 
wbole  eunent  classifier.    Cii,  Fourth  spigot  of  No.  1  whole  current  dassifler.    Ctt*  v  .  ^ 

whole  current   dassifler.     Cit,  Spigots  of  No.  1  whole  current   dassffler.^    C14,  Fine  spigots  of  No.  1 
whole  current  dassifler.    Ci»,  Spigotof  No.  1  whde  current  dassl' 
,  Spigots  of  No.  1  and  No.  9  whole  current  daaslflers. 


Lssiflers.  Cg,  First  spigot  of 
'.  Ci ..  Third  spigot  of  No.  1 
Cttt  Coarse  smgots  of  No.  1 

C14,  Fine  spigots  of  No.  1 

C|fl,  Spigot  of  No.  2  whole  current 
First  spigot  of  No.  8  whole  current 


whole  current 

f^of-  Cbi,  Spigow  01  aiscriDunng  lanz.  v;i4,  'laiungs  or  upper  aecK.  \im^^  xauiogB  01  no.  a  ana  no.  s  isDieB. 
CU«,  Ml^ngs  of  No.  1  table.  Cavt  BUddUngs  of  upper  deck.  C,,,  Middlings  of  middle  deck.  Cm,  Middlings 
of  all  the  tM>les.  Caa,  Overflow  of  hydraulic  dassifler,  through  an  unwaterlng  boz.  Dt*  Three  separate 
tablea,  which  are  10, 14  and  10  feet  diameter  reepectiTely.  DtrThis  deck  was  not  used.  Dg,  Some  wood 
and  some  rubber.  £, ,  Huntington  milL  B|.  No.  1  lurf  ace  current  daadfler.  E|,  No.  8  whole  current  dassi- 
ller.   S«,  By  pomp  to  upper  dedE  of  No.  8  tibia 


FIG.   398. — MECHANICAL  BATEA. 


C.  FiLK-SiziNG  Tables. 

Film-sizing  tables  use  the  relative  transporting  power  of  a  film  of  water  flow- 
ing on  a  quiet  surface  (which  may  be  either  smooth  or  rough),  to  act  upon  the 
particles  of  a  water-sorted  product.  The  smaller  grains,  of  higher  specific 
gravity,  are  moved  down  the  slope  slowly  or  not  at  all  by  the  slow  under  current; 
the  larger  grains,  of  lower  specific  gravity,  are  moved  rapidly  down  the  slope  by 
the  quick  upper  current. 

These  tables  may  be  classified  as: 

I.  Surface  tables,  from  which  the  products  are  removed  before  they  have 
formed  a  bed,  so  that  the  washing  is  always  done  on  the  same  surface. 

II.  Building  tables  or  huddles,  on  which  the  products  accumulate  to  a  depth 
of  several  inches  and  are  then  removed  by  hand. 

The  surface  tables  may  be  sub-divided  into  (a)  continuous  machines,  which 
discharge  their  products  automatically  without  stopping,  and  (h)  intermittent 
machines,  which  must  be  stopped  periodically  to  remove  the  products. 
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Data  on  both  kinds  of  surface  tables,  as  obtained  from  the  mills^  are  given 
in  Table  323. 

la.  CONTINUOUS  SURFACE  TABLES. 

Continuous  snrfaee  tables  include  the  circular  tables  with  revolving  parts. 


FIG.   399a. — ^ELEVATION  OF  THREE-DECK  SLIME  TABLE  AT  MILL  37. 

and  the  traveling  non-vibrating  belts,  all  of  which  discharge  their  products  auto- 
matically and  continuously. 

§  497.  Revolving  Circular  Convex  Slime  Tables  have  the  fonn  of  a  very 
much  flattened  cone  with  its  axis  vertical  and  its  center  higher  than  its  margin. 
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Pulp  is  fed  over  a  portion  of  the  surface  on  the  pulp  or  sand  side  of  the  table 
near  the  center,  and  as  it  flows  down  the  slope  it  spreads  out,  and  the  film  be- 
comes thinner,  loses  carrying  power  and  increases  in  settling  power.  The  revo- 
lution of  the  table  continually  carries  the  pulp  round  past  a  series  of  clean  water 
distributors,  on  the  washing  side,  which  wash  and  remove  the  different  products 
most  advantageously  as  to  place,  time  and  manner,  the  different  products  being 
caught  in  separate  launders  around  the  circumference. 

As  a  good  example  of  modern  construction  the  three-deck  table  in  Mill  37  is 
here  described.  By  three  decks  is  meant  three  tables  one  above  the  other  on  a 
single  shaft.    This  table^  made  by  the  Tuttle  Manufacturing  and  Supply  Co., 


FIG.    3996. — ^PLAN   OF  THREE-DECK   SLIME  TABLE  AT  MILL   37. 

is  shown  in  Figs.  399a  and  3996.  It  has  a  main  frame  of  four  horizontal  tim- 
bers, one  above  the  other,  connected  by  end  posts.  The  lowest  acts  as  a  sill  and 
also  carries  the  step;  the  other  three  carry  boxes  for  the  vertical  shaft;  and  in 
the  spaces  between  these  four  bearings  are  placed  the  three  decks  or  tables. 
Each  deck  consists  of  an  umbrella  frame  with  twelve  rays  and  twelve  support- 
ing braces.  Each  table  has  one  socket  hub  for  the  ravs  and  one  for  the  braces, 
and  the  socket  hubs  are  fastened  to  the  3^-inch  snaft  by  set  screws.  The 
Tays  of  the  two  upper  decks  are  set  at  a  slope  of  1^  inches  per  foot  (5°  21'), 
those  of  the  lower  deck  at  1^  inchoF  per  foot  (5**  57').     The  rays  are  united  by 
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planks  laid  as  chords  of  circles^  and  there  are  five  of  these  chord  rings.  Their 
surfaces  are  planed  to  a  true  cone  for  the  support  of  the  boards  which  form  the 
washing  surface.  The  outer  ring  in  this  table  is  stiffened  by  a  ring  of  boards 
on  edge,  which  prevent  sagging  of  the  surface  between  the  rays.  The  surface 
boards^  which  are  commonly  of  white  pine,  are  sawed  of  the  proper  sector  to  lay 
them  radially,  are  tongued  and  groov^J,  and  then  nailed  in  place.  The  surface 
is  brought  to  a  true  conical  form  by  a  hand  plane,  and  water  is  then  turned  on 
the  table.  This  whole  operation,  from  the  time  the  log  is  taken  from  the  pond 
of  the  saw  mill  till  the  water  is  turned  on  the  table,  is  done  as  rapidly  as  possi- 
ble, to  prevent  the  boards  from  drying,  shrinking  and  warping.  The  slightest 
warp  spoils  the  work  of  the  table,  as  it  makes  gutters  of  quick  water  conveying 
the  heads  down  too  far  and  ridges  of  slow  water  holding  back  the  tailings  from 
rolling  down  as  they  should.  A  table  of  this  kind  once  made  should  never  be 
allowed  to  dry. 

The  feed  pulp  is  distributed  by  a  central  cone  with  45**  slope^  which  is  fixed 
to  the  main  frame  and  therefore  does  not  revolve.  This  cone  has  upon  it  a  split 
cup  fe^d,  that  is,  a  cup  divided  into  halves  by  a  vertical  partition.  One  half 
feeds  pulp  to  one  side  of  the  table,  while  the  other  can  feed  clear  wash  water  to 
the  other  side  of  the  table.  In  this  mill,  however,  the  wash  water  cup  is  not 
used,  the  wash  water  being  applied  from  a  spiral  spray  pipe  which  has  21  jets 
f  inch  in  diameter,  about  5  inches  apart,  directed  vertically  downward.  These 
jets  keep  pushing  the  quartz  down  hill,  while  allowing  any  concentrates  that  arp 
suflSciently  cleaned  to  pass  between  them.  A  straight  spray  pipe  inclined  30° 
from  the  radius,  with  five  jets  of  ^-inch  pipe  9  inches  apart,  directed  tangen- 
tially  and  opposed  to  the  direction  of  the  table,  is  provided  for  washing  off  the 
middlings;  and  to  remove  the  heads  there  is  a  radial  pipe  with  9  jets  of  ^-inch 
pipe  set  9  inches  apart  and  directed  obliquely  against  the  motion  of  the  table. 
There  is  also  a  pipe  to  dilute  the  feed  pulp  in  case  sufficient  water  is  not  fed 
with  the  pulp.  The  author  would  advise  connecting  all  these  pipes  to  the  hydrant 
by  separate  valves  to.  give  independent  regulation.  The  table  is  given  very  slow 
speed  (one  revolution  in  70  seconds  in  this  case)  by  worm  gear.  It  is  surrounded 
by  a  circular  launder  which  catches  everything  that  runs  off.  This  launder  is 
partitioned  to  catch  the  tailings,  middlings  and  heads  separately  and  each  com- 
partment has  its  own  spouts  for  continuous  discharge  of  its  product.  These 
partitions  are  placed  to  suit  the  quality  of  products. 

The  discharge  edge-  of  a  circular  slime  table  should  be  rounded.     If  it  is 
square,  a  bead  of  water  and  sand  will  always  rest  upon  and  be  carried  forward 
by  it,  and  in  this  way  quartz  may  be  carried  into  the  heads.    This  bead  some-  • 
times  goes  so  far  as  to  produce  on  the  table  a  solid  bank  of  imperfectly  washed 
material. 

Instances  of  other  tables  are  as  follows:  In  Mill  22  the  pulp  is  fed  upon  nearly 
half  the  circumference  of  a  fixed  cone  by  a  fan-shaped  distributor  having  radiat- 
ing partitions.  The  cone  is  fastened  to  the  main  frame  with  its  base  2  inches 
above  the  table.  Wash  water  is  delivered  upon  this  cone  for  nearly  the  remain- 
ing half  of  the  circumference.  Middlings  are  washed  off  the  lower  4  feet  of  the 
table  by  a  straight  diagonal  pipe  with  |-ineh  jets  2  inches  apart.  The  concen- 
trates are  removed  by  a  single  J-inch  jet  from  a  l^-inch  pipe. 

The  tables  used  in  Mill  44  have  a  fan-shaped  feed  trough,  a  cone  revolving 
with  the  table  for  distributing  pulp,  a  circular  spray  pipe  for  the  wash  water,  a 
diagonal  spray  pipe  for  the  middlings,  and  four  ^-inch  jets  for  washing  off  the 
heads. 

In  Mill  30  fourteen  rays  are  used  for  the  frame,  and  the  tables  are  mounted 
with  two  decks  on  a  3-inch  shaft,  and  the  socket  hubs  are  keyed  to  the  shaft. 
The  tables,  which  are  18  feet  in  diameter,  are  fed  from  a  split  cup  feeder, 
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which  distributes  upon  a  flat  cone  8  feet  in  diameter  and  slightly  steeper  (9**  45') 
in  slope  than  the  table  (6'').  This  feeder  discharges  through  fourteen  |-inch 
holes  around  its  lower  circumference  (seven  for  pulp  and  seven  for  wash  water), 
instead  of  overflowing  as  is  more  common. 

The  tables  used  in  Mill  15  have  sixteen  rays,  and  the  chord  rings  are  of  boards 
laid  close  together.  Upon  these  boards  a  cement  surface  is  made  by  driving  in 
nails  at  frequent  intervals,  leaving  the  heads  about  \  inch,  above  the  wood  to 
hold  the  cement  in  place.  A  layer  of  coarser  cement  gives  a  foundation  for  a 
smoodi  surface  of  nner  cement,  the  two  together  being  about  an  inch  thick. 
When  complete  and  dried,  the  surface  is  varnished.  It  has  the  advantage  that 
it  is  truer  than  wood  and  can  be  allowed  to  dry  without  warping. 

The  Evans  table  has  a  split  cup  feeder,  and  a  fixed  wide  feed  apron  with 
slightly  steeper  slope  than  the  table.  On  the  feed  side  the  apron  has  a  circular 
margin  with  a  radius  of  3  feet  8  inches.  On  the  wash  water  side  the  apron  has 
a  spiral  margin  beginning  with  a  radius  2  inches  less  and  ending  with  a  radius 
1  foot  4  inches  more  than  on  the  feed  side.  The  diameter  of  the  table  is  19 
feet.  These  dimensions  are  from  Mills.  46  and  48.  The  object  of  this  spiral 
wash  water  stream  is  to  push  the  quartz  down  the  table  systematically,  thus 
doing  away  with  any  slight  gutters  and  ridges  that  the  imperfections  of  the 
table  have  formed.  The  middlings  are  washed  off  by  a  diagonal  spray  pipe,  and 
the  heads  by  two  or  three  powerful  jets  with  a  board  scraper  to  concentrate 
the  stream  and  clean  and  true  up  the  surface. 

The  dark  table,  used  at  Mill  43,  has  its  conical  surface  divided  into  eleven 
annular  steps,  each  8  inches  wide,  and  the  drop  from  one  step  to  the  next  is 
about  \  inch.  This  table  is  fed  on  a  quarter  of  its  circumference  by  a  cup  and 
cone  feeder.  Each  step  has  its  own  wash  water  jet.  To  each  cock  is  attached 
a  rubber  hose  12  to  18  inches  long  which  is  directed,  by  a  clamp  upon  a  rod  with 
xmiversal  movement,  so  as  to  allow  a  band  of  pure  mineral,  formed  by  the  pre- 
vious jet,  to  pass  while  the  jet  pushes  the  sand  to  the  next  step. 

The  Schrxmz  table^^  is  fed,  washed  and  cleaned  off  twice  during  each  revolu- 
tion. The  wash  water  is  applied  from  two  spiral  spray  pipes,  the  jets  of  which 
are  directed  against  vertical  spiral  splash  plates,  the  wash  water  f  alhng  vertically 
from  these  upon  the  table. 

Summary  of  the  Devices  Used  on  Revolving  Convex  Tables, — There  are  four 
parts  of  the  slime  table  which  vary  in  different  designs,  namely,  the  devices  for 
feeding  the  pulp  and  the  wash  water,  and  those  for  the  removal  of  the  middlings 
and  the  heaos.    The  removal  of  the  tailings  is  practically  the  same  on  all  tables. 
Pulp  may  be  fed  to  a  revolving  45**  cone  built  upon  and  revolving  with  the 
table;  to  a  fixed  cone  attached  to  the  main  frame;  or  to  one-half  of  a  split  cup 
attached  to  the  main  frame  and  combined  with  a  fixed  45**  cone  or  a  fixed  apron, 
the  pulp  simply  flowing  over  the  edge  of  the  cup  and  down  the  cone  or  apron. 
The  wflih  water  may  te  supplied  by  a  spiral  spray  pipe  playing  directly  upon 
the  surface  of  the  table,  each  stream  having  its  own  regulating  cock ;  by  a  circu- 
lar gpray  pipe  playing  upon  a  45**  central  cone;  or  by  the  split  cup  with  a  fixed 
spiral  or  circular  apron.    The  middlings  may  be  washed  off  by  a  straight  or 
curved  spray  pipe  placed  at  a  slight  diagonal  angle  with  the  radius  of  the  table. 
The  heads  are  wa^ed  off  by  more  powerful  jets  varying  from  one  large  to  nine 
smaller  jets.    Where  the  one  or  two  larger  jets  are  used  they  must  be  combined 
^th  the  board  scraper  to  prevent  the  dissipation  of  the  force  of  the  stream. 
Where  the  larger  number  of  smaller  jets  are  used  they  are  directed  diagonally 
toward  the  edge  of  the  table  and  opposite  to  the  direction  of  rotation.    "The  tail- 
ings are  washed  off  partly  on  the  feed  side  of  the  table  and  partly  on  the  wadi 
water  side,  probably  more  on  the  former  than  on  the  latter. 
§  498.  Fixed,  Cibcular  Convex  Slime  Tables. — The  Linkenbach  fixed  con- 
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ical  table,  designed  in  1878^  claims  the  advantage  that  so  difficult  a  construction  as 
a  conical  cement  surface  can  be  made  and  maintained  truer  upon  a  solid  founda- 
tion than  upon  a  revolving  frame.  In  constructing  the  table*  the  foundation  is 
made  either  of  concrete  or  of  rough  stone  laid  in  cement.  This  masonry  is 
brought  to  an  approximately  true  surface^  and  the  final  finished  surface  is  ob- 


FIG.  400a. — ^VERTICAL  SECTION  OP  LINKENBACH  SLIME  TABLE. 


FIG.   4006. — ^PLAN  OF   LINKENBACH   SLIME  TABLE. 


tained  with  a  layer  of  pure  Portland  cement.  A  vaulted  arch  is  constructed 
beneath  on  one  side,  for  introducing  the  feed  pulp  and  for  oiling  the  step  (see 
Pigs.  400a  and  4006).  The  table  is  surrounded  with  as  many  fixed  circular 
launders  as  it  is  intended  to  make  products.    For  example,  three  would  make 
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heads^  middlings  and  tailings;  four  would  yield  two  kinds  of  heads^  with  mid- 
dlings and  tailings.  The  pulp,  the  feed  water  and  the  wash  water  distributors 
revolve,  as  do  also  the  spray  pipes  for  middlings  and  wash  off  pipes  for  heads, 
and  also  the  catch  hoppers  for  heads  and  middlings  with  the  pipes  for  convey- 
ing them  to  their  respective  circular  launders.  The  tailings  run  off  the  table 
directly  into  their  launder.  The  revolving  parts  are  either  carried  upon  arms 
radiating  from  a  central  shaft  above,  or  they  are  carried  upon  a  circular  carriage 
running  upon  a  circular  rail  and  driven  by  a  chain.  The  second  method  is 
illustrated  in  Figs.  400a  and  400&.  In  the  former  case  the  wash  water  is  dis- 
tributed from  a  revolving  pan  upon  the  shaft ;  in  the  latter  case  it  is  distributed 
from  the  shaft  itself,  which  is  hollow.  In  both  cases  the  feed  pulp  comes  in 
from  below  through  the  arch. 

The  table  is  made  6  to  8  meters  (19  feet  8  inches  to  26  feet  3  inches)  in 
diameter,  and  the  slope  recommended  is  1^  inches  per  foot  for  the  coarsest  slimes 
(that  is,  for  grains  up  to  0.25  mm.  diameter)  and  1  inch  per  foot  for  the  finest 
slimes.  The  moving  parts  revolve  in  from  2  to  4  minutes.  The  tables  were 
at  one  time  made  in  tiers  of  three  decks,  the  upper  deck  6  m.,  the  middle  6.5  m. 
and  the  lower  7  m.  in  diameter.  The  machine  seems  to  become  complicated, 
however,  by  this  arrangement,  and  to  have  lost  the  advantage  of  a  solid  founda- 
tion.    This  form  has  since  been  abandoned. 

The  Roberts  table,  patented  in  1883,  used  in  Mill  21,  is  a  fixed  convex,  conical 
cement  surface  table,  which  works  on  the  same  principle  as  the  Linkenbach  table. 
It  is  14  feet  in  diameter  with  4°  30'  (0.94  inch  to  1  foot)  slope.  The  feed  distribu- 
tor is  a  revolving  cast  iron  cone  3  feet  in  diameter  and  5  inches  high.  This  dis- 
tributes the  pulp  over  three-fourths  of  the  circle.  Below  the  cone  and  revolv- 
ing with  it  is  a  l^-inch  spiral  spray  pipe  with  f-inch  holes,  3  inches  from  center 
to  center.  The  jets  strike  10  inches  away  from  the  pipe  and  remove  tailings 
and  a  middling  product,  leaving  a  bank  of  clean  heads  near  the  margin  of  the 
table.  A  radial  wash-off  pipe  cleans  off  the  heads,  leaving  the  table  ready  for 
a  new  charge  of  pulp. 

Barisch  gives  to  the  surface  of  a  non-rotating  circular  table  an  oscillating, 
bumping  motion  as  follows'* :  A  cam  pushes  the  table  a  short  distance  circum- 
ferentially  and  at  release  a  spring  forces  it  back  against  a  bumping  post.  The 
table  has  the  revolving  feed  and  wash-off  appliances  required  by  the  fixed  table 
design.  This  is  a  modification  of  Sparre's  device,  which  shook  the  table  back 
and  forth  by  an  eccentric* 

§  499.  Comparison  of  Vannbrs  with  Convex  Slime  Tables. — ^A  vanner 
4  feet  wide,  12  feet  long,  costs  $500  more  or  less;  an  18-foot  table  costs  $200 
to  $300  according  to  locality.  Two-deck  or  three-deck  tables  cost  somewhat 
less  than  twice  or  thrice  that  sum.  Vanners  treat  pulp  carrying  from  12  to 
389^  (average  perhaps  20%)  of  solid  matter,  the  finer  the  product  the  less  the 
quantity;  tables  treat  pulp  carrying  5  to  15%-  (perhaps  average  10%)  of  solid 
matter,  the  finer  the  product  the  less  the  quantity.  Four-foot  vanners  treat  4 
to  6  tons  per  24  hours ;  over  6  tons  is  probably  an  overload ;  18-foot  tables  treat 
perhaps  6  to  15  tons  per  24  hours,  according  to  fineness.  As  to  the  percentage 
of  snlphurets:  in  the  gravity  ^tamp  mills,  the  author  finds  the  feed  to  4-foot 
vannerB  ranging  from  1  to  5%,  with  an  average  of  about  2^%,  and  the  feed  to 
6-foot  vanners  ranging  from  6  to  20%^  with  an  average  of  about  11%^  In 
rolls  mills  the  4-foot  vanner  will  probably  come  nearer  the  second  figure  than 
the  first.  The  tables  receive  pulp  carrying  perhaps  i  to  3%  of  valuable  mineral, 
averaging  perhaps  1^%.  The  higher  the  percentage  of  concentrates  the  less  is 
the  capacity  of  any  concentrator.  We  may  say  then,  that  judging  from  practice, 
slime  tables  are  adapted  for  treating  large  quantities  of  thin  pulp  with  a  small 
percentage  of  concentrates ;  while  vanners  are  adapted  for  treating  smaller  quan- 
tities of  thicker  pulp,  which  carry  a  higher  percentage  of  concentrates. 
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The  maximum  size  of  the  grains  fed  to  tables  is  much  finer  than  for  vanners; 
and  the  former  must  receive  classified  products  or  they  will  fail,  while  the  latter 
do  good  work  on  unclassified  products.  Vanners  probably  would  do  better  work 
on  classified  than  upon  unclassified  pulp,  but  in  gravity  stamp  mills  difi&culties 
generally  occur  in  adapting  classifiers  to  the  irregular  working  of  the  stamps, 
and  this  prevents  their  adoption. 

In  Mills  24,  31,  36,  36,  37  and  43  coarser  classified  products  are  sent  to  tables, 
and  finer  to  vanners.  This  treatment  should,  in  the  opinion  of  the  author,  be 
reversed,  for  the  table  handles  the  very  fine,  more  dilute  slimes  better  than  the 
vanner.  In  Mill  30  greatly  improved  results  were  obtained  by  changing  from 
the  practice  of  the  above  mills,  and  treating  all  the  spigots  of  the  box  classifiers 
on  tables,  the  table  middlings  going  to  vanners. 

The  power  required  for  a  vanner  is  perhaps  J  horse  power;  that  for  a  table 
is  very  little,  perhaps    V  horse  power. 

§  500.  Kevolving,  Circulab,  Concave  Slime  Tables  have  the  form  of  a 
much  flattened  cone  or  funnel.  Pulp  is  fed  at  the  circumference  over  a  portion 
of  the  surface,  and  wash  water  over  the  remaining  portion.  As  the  current  of 
water  flows  toward  the  center  it  becomes  narrower,  and  therefore,  deepens  and 
increases  in  speed,  thus  increasing  its  carrying  power.  Hence,  a  grain  of  heavy 
mineral  that  does  not  settle  near  the  point  of  feed  will  move  faster  and  faster 
as  it  approaches  the  discharge.  The  different  products  are  washed  down  and 
separately  collected  near  the  center  of  the  table.  These  tables  are  not  much 
used,  but  are  sometimes  found  as  feeders  to  convex  tables  where  the  ore  has  a 
large  amount  of  concentrates,  as  in  Mills  27  and  28.  In  both  of  these  mills  the 
concave  is  the  same  diameter  as  the  convex.  In  the  figure  shown  by  Linkenbach 
the  concave  is  much  narrower  than  the  convex.  In  Mill  27  pulp  is  fed  over 
one-third  of  the  circumference,  in  Mill  28  one-fifth,  in  Linkenbach's  figure  one- 
sixteenth  of  the  circumference.  Wash  water  is  fed  over  the  remainder  of  the 
circumference.  In  Linkenbach's  figure  the  upper  (concave)  table  makes  heads, 
middlings  and  tailings;  the  lower  (convex)  re-treats  these  tailings,  and  from 
them  makes  heads,  middlings  and  tailings.  In  Mill  27  the  upper  (concave) 
makes  heads  to  smelter  and  tailings  fed  to  the  middle  (convex)  table  which 
yields  heads  to  smelter,  middlings  to  lower  (convex)  table  and  tailings  waste. 
The  lower  table  makes  heads  to  smelter,  middlings  to  vanner  and  tailings  waste. 
In  Mill  28  both  the  upper  (concave)  and  lower  (convex)  make  heads,  middlings 
and  tailings.  The  middlings  of  both  go  to  the  upper  (concave)  deck  of  No.  2 
table.  The  lower  (convex)  deck  of  No.  2  has  a  separate  feed.  Both  these 
tables  make  heads,  middlings  and  tailings.  The  middlings  go  back  to  the  upper 
deck  of  No.  2. 

Comparison  of  Convex  and  Concave  Slime  Tables. — Since  a  concave 
table  receives  its  feed  over  such  a  large  area,  it  can  save  considerable  value  from 
an  ore  carrying  a  high  percentage  of  concentrates,  but  the  tailings  loss  is  neces- 
sarily high.  A  convex  table,  on  the  other  hand,  makes  clean  tailings.  The 
lighting  and  inspection  of  a  convex  table  are  much  more  convenient  than  of  a 
concave  table,  on  account  of  the  direction  of  slope. 

§  601.  Operation  of  Circular  Slime  Tables. — ^The  most  important  con- 
siderations in  the  use  of  slime  tables  are  the  size  of  the  grains  to  be  treated  and 
the  speed  of  the  water  current.  The  former  depends  on  the  preliminary  classifica- 
tion, and  the  latter  upon  the  slope  of  the  table  and  the  quantity  of  water  used. 
Other  conditions,  which  are  more  or  less  dependent  upon  the  above  and  aU  of 
which  affect  the  process,  are  as  follows: 

The  shape  of  the  grains. 

The  specific  gravities  of  the  minerals  to  be  separated. 
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The  density  of  the  pulp. 

The  rate  of  feeding  the  pnlp. 

The  thickness  of  the  water  film. 

The  kind  of  surface. 

The  diameter  of  the  table. 

The  speed  of  revolution. 

The  convex  or  concave  construction. 

Size  of  Orains. — ^The  larger  the  grains,  up  to  a  diameter  equal  to  the  thickness 
of  the  film,  the  more  rapidly  they  are  carried  forward  by  the  current ;  but  grains 
which  project  above  the  film  are  retarded,  because  the  full  weight  of  the  unim- 
mersed  portion  is  added  to  the  water  weight  of  the  immersed  portion.  Further 
increase  reaches  a  size  of  grain  that  will  not  move  at  all.  Linkenbach  recom- 
mends 0.25  mm.  as  the  maximum  size  of  quartz ;  and  the  tests  recorded  in  §  352 
show  that  the  coarsest  pulp  sent  to  tables  (that  is,  the  first  spigot  of  the  box 
classifiers)  in  Mills  22  and  38  contains  only  5  or  10%  coarser  than  that  size. 
In  Mill  30  there  is  about  5%  coarser  than  0.4  mm.  and  about  10%  coarser  than 
0.3  mm.  In  Mill  28  there  is  about  5%  coarser  than  0.125  mm.  and  about  10% 
coarser  than  0.1  mm.  At  the  native  copper  mills  of  Lake  Superior  the  tables 
are  fed  with  pulp  of  which  about  5%  is  too  coarse  to  pass  through  a  lOO-mesh 
screen  (approximately  0.125  mm.). 

Preliminary  Classtficaiion;  and  Specific  Gravity. — ^The  ideal  feed  would  con- 
sist of  grains  of  uniform  shape  (sphere  or  cubes)  with  a  definite  ratio  between 
the  diameters  of  the  two  minerals.  The  grains  actually  obtained  from  the 
classifiers,  however,  depart  from  this  ideal,  because  larger  flat  grains  settle  with 
smaller  roundish  grains  causing  a  considerable  range  in  sizes;  also  on  account 
of  the  presence  of  included  grains  of  heavy  and  light  minerals  attached  to  each 
other  in  varying  proportions ;  and  finally,  on  account  of  the  imperfections  of  the 
classifiers  the  feed  to  tables  almost  always  contains  a  greater  range  of  sizes  than 
should  be  treated  together.  The  tailings  losses  on  the  feed  side  of  a  table  consist 
of  the  flat  or  flaky  grains  of  heavy  mineral,  and  of  the  finest  slimes  which 
come  into  the  feed  trough  the  imperfections  of  the  classifiers.  This  second 
loss  may  be  very  serious.  The  tailings  loss  on  the  wash-water  side  are  due  to 
the  approach  of  the  heads  toward  the  edge  of  the  table.  They  comprise  the  in- 
cluded grains  and  a  few  of  the  larger  grains  of  heavy  mineral.  The  middlings 
contain  included  grains  mixed  with  a  httle  of  the  smallest  quartz  and  the  larg- 
est grains  of  heavy  mineral.  This  makes  a  product  that  can  be  well  treated  on 
a  vanner,  but  is  difScult  to  finish  on  a  second  slime  table.  If  samples  are  taken 
from  points  all  around  a  slime  table  they  will  generally  be  found  to  be  poorest 
near  tiie  point  where  the  tailings  first  reach  the  margin,  and  become  richer  all 
the  way  round  imtil  the  middlings  partition  is  reached.  The  middlings  are 
richer  still,  and  the  heads  of  course  approach  pure  heavy  mineral,  see  §  903.  If 
a  sample  is  taken  beyond  the  heads,  where  the  first  pulp  water  goes  off,  it  will 
generally  assay  veiy  high.  This  is  from  a  little  heads  carried  past  the  wash-off 
jets,  but  if  the  table  is  run  properly  the  quantity  should  be  so  small  as  to  be  of 
little  moment  It  is,  however,  an  important  point  to  watch.  The  nearer  the  feed 
to  a  table  comes  to  the  ideal  sorted  product  the  more  perfectly  will  it  work. 

The  degree  of  sorting  needed  depends  on  the  specific  gravities  of  the  minerals. 
The  higher  the  specific  gravity  of  the  heavy  mineral  the  greater  will  be  the  dif- 
ference in  size  between  the  gangue  and  the  heavy  mineral  in  the  pulp  that  comes 
from  the  classifier.  Both  the  high  specific  gravity  and  the  small  size  favor  sepa- 
ration on  the  slime  table,  the  former  by  the  resistance  offered  to  the  water  cur- 
rent, the  latter  because  the  particles  do  not  project  up  into  the  rapidly  moving 
layers  of  the  water  film.  Hence,  with  such  a  heavy  mineral  as  galena,  less  classi- 
fication is  required  than  with  lighter  minerals  like  blende  and  chalcopyrite ;  but 
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even  with  galena  the  very  fine  slimes  will  be  lost  if  treated  with  the  coarse  po^ 
tion.  Practice  in  regard  to  preliminary  classification  in  the  mills  maj  be  sum- 
marized from  Table  323  as  follows: 

In  11  mills  the  earlier  spigots  of  surface  current  or  whole  current  classifiers 
go  to  one  table  and  the  later  spigots  to  another ;  in  1  mill  the  last  spigot  of  a 
hydraulic  classifier  goes  to  a  table ;  in  3  mills  the  overflow  of  hydraulic  classifiers 
goes  to  tables;  and  in  10  mills  the  tables  are  all  fed  with  like  pulp  consisting 
of  the  unwatered  overflow  of  hydraulic  classifiers. 

Shape  of  Orains. — Boundish  grains  are  considered  to  behave  normally;  and 
rolling  rather  than  sliding  is  considered  to  be  the  normal  motion.-  Longish 
grains  swing  around,  side  to  the  current,  and  on  account  of  their  less  diameter 
may  roll  with  a  different  speed  from  that  of  their  associates.  Plat  grains  may 
lie  down  and  fail  to  move  altogether  or,  if  very  thin,  may,  by  being  floated,  move 
down  more  rapidly  than  the  normal  grains.  Arborescent,  flaky  or  leafy  grains 
(for  example,  of  native  copper)  move  much  faster  than  their  size  and  specific 
gravity  would  indicate.  The  following  experiment  was  tried :  A  batch  of  quarts 
grains,  passing  through  a  10-mesh  and  resting  on  a  12-mesh  sieve,  was  treated 
upon  a  plane  rectangular  table  covered  with  No.  6  canvas  with  warp  laid  length- 
wise, sloping  6®,  with  a  wdter  current  of  12^  pounds  per  minute  per  foot  of 
width.  The  grains  that  were  washed  off  were  nearly  all  roundish;  those  that 
remained  were  largely  flat  or  with  one  flat  plane.  A  second  test  was  tried  with 
quartz  grains  through  30-me8h  on  40-mesh.  The  grains  washed  off  were  round- 
ish ;  those  remaining  were  flattish,  though  the  difference  was  not  quite  as  marked 
as  in  the  former  test. 

§  602.  Slope  of  the  Table. — Very  fine  pulp  requires  steep  slope,  with  but 
little  water  and  therefore  a  very  thin  film ;  while  coarse  pulp  requires  a  gentler 
slope,  but  with  much  water  and  therefore  a  comparatively  thick  film  (see  §  609). 
This  is  based  upon  the  fact  that  the  work  of  the  table  is  to  size  products  con- 
sisting of  sorted  grains.  If,  however,  the  table  served  only  to  unwater  the  pulp, 
then  the  finer  the  grains  the  less  should  the  slope  be.  With  three  exceptions, 
the  mills  do  not  appear  to  follow  any  particular  rule  as  to  slope  and  size  of 
grain.  Mill  35  conforms  to  the  principle  that  fine  pulp  should  be  treated 
on  a  steeper  slope  than  coarse;  but  Mills  28  and  37  follow  the  opposite 
practice.  In  Mill  37  the  two  upper  decks  slope  1^  inches  per  foot,  while  the 
lowest  deck,  which  treats  the  middlings  of  the  two  upper  decks,  slopes  IJ  inches 
per  foot.  This  middling  product,  of  course,  does  not  contain  as  large  grains  as 
the  original  feed. 

Table  323  indicates  that  the  slope  of  convex  slime  tables  in  the  United  States 
varies  from  f  to  IJ  inches  per  foot,  1  to  IJ  inches  (4*"  46'  to  6°)  being  most 
common.  The  three  concave  tables  on  the  list  slope  respectively  1.33  inches, 
1.68  inches  and  1.74  inches  per  foot.  Eunhardt  gives  1  to  2  inches  as  European 
practice.    Linkenbach  gives  the  following  figures: 


OoanestflUme.. 
Medium  sUme... 
Finest  Bllme.... 


Stationary  CoDTex  Tables. 


1.88  InoheB  per  foot  W»  900 
1.80  "  "  "  (6«46'3 
1.00      '•       "      "    (4«460 


Revolylng  Convex  Tables. 


1 .80  inches  per  foot  (5»  4S 
1.08      "       -     u   >g.  10 

1.00      »»       *•      "    (4«« 


Quantity  of  Water. — The  greater  the  quantity  of  water  the  greater  will  be  the 
speed  of  the  current  and  the  less  its  settling  power.  In  the  case  of  a  circular 
convex  table  the  water  should  be  estimated  with  respect  to  the  quantity  which 
comes  oif  from  a  foot  of  the  circumference  in  a  minute,  since  the  most  difiicult 
part  of  the  work  of  separation  is  done  near  the  circumference.  The  only  posi- 
tive figures  the  author  has  are  from  Mill  44,  where  he  found  the  thinnest  film 


§  503 


FINE  SAND  AND  8L1ME  C0NCENTRAT0B8. 


696 


noticed  on  any  table  was  discharging  3  pounds  and  the  greatest  rush  of  water 
seen  on  any  table  was  discharging  7  pounds  of  water  per  minute  from  1  foot  of 
circumference.  The  former  figure  is  less  and  the  latter  more  than  the  usual 
practice.  If  we  consider  5  pounds  to  be  about  a  proper  quantity,  and  that  an 
18-foot  table  is  discharging  this  quantity  all  around  its  circumference,  then  the 
total  amount  of  water  will  be  48,842  gallons  in  24  hours  (33.92  gallons  a  min- 
ute). Approximately  half  of  this  wifi  come  in  the  feed  pulp.  The  other  half 
will  be  used  on  the  washing  side;  and  of  this  amount  perhaps  two-thirds  will 
be  used  for  washing  and  one-third  for  the  wash-off  jets. 

The  thickness  of  the  film  on  a  slime  table  is  much  less  than  that  of  the  pulp 
bed  on  a  vanner,  because  the  §lope  is  steeper,  and  because  the  pulp  is  thinner. 
Thin  pulp  is  necessary  in  order  to  have  the  ore  only  one  grain  deep  on  the  table 
and  thus  get  approximately  individual  treatment  of  the  grains.  The  following 
measurements  of  films  on  some  of  the  mill  tables  were  made  with  a  special  gauge 
(see  §  884).  Each  measure  was  taken  near  the  circumference  of  the  table 
except  where  otherwise  indicated. 
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No. 


Locatkm  OD  Talda. 


No.ofOb- 
seryatioDa 
Averaged. 


ThickneoB. 


Crest  of     Trough  of 
Wave.  Wave. 


Diameter 
of  Table. 


Slope 


SO.. 
48.. 

44.. 

4B..4 


6 IpcImmi frooi  edge. ••.••••.••••.•■••*•••• 

8  feet  from  edge 

At  point  of  pulp  feed 

Average  of  several  points  near  the  curved 

wash  water  pipe 

FBedside(a) 

Wash  water  side 

Ftodside 

Wash  water  Bida 


Inches. 
0.061 
0.068 
0.086 

0.060 
0.189 
0.080 
0.110 

o.orr 


Inches. 
0.001 
0.084 
0.009 

0.086 


Pt     In. 
18      0 


O.OM 
0.049 
0.068 


18 
19 


4«4r 


Avenga.. 


0.080 


0.040 


(tf>  On  the  feed  ride  of  this  table  a  wave  traveled  down  (about  8  feet)  in  8  seoonds;  on  the  washing  side  in 


DengUff  of  Pulp. — ^The  author  has  no  exact  data  upon  this  subject.  If  we 
assume  for  an  18-foot  circular  convex  table  that  about  5  pounds  of  water  pes 
minute  leave  the  edge  on  every  foot  of  circumference,  that  the  table  is  fed  with 
pulp  upon  about  one-half  of  its  circumference,  and  that  it  treats  12  tons  in  2^ 
hours,  then  the  pulp  wiU  contain  10^%.  of  solids.  Linkenbach  recommends  8 
to  10%,  but  says  that  in  practice  tables  are  commonly  fed  with  thicker  pulp 
than  tills,  which  increases  the  capacity  but  also  increases  the  losses  in  the  tailings. 
In  1880  Munroe**  found  3|  cubic  feet  of  slime,  carrying  7  to  12  pounds  of  ore 
per  cubic  foot,  fed  to  a  single  table  per  minute^  which  makes  the  solids  about 
10%  and  16%  respectively. 

§  503.  Kind  of  Surface. — Pour  kinds  of  surface  have  been  used :  soft  wood, 
cement,  rubber  and  canvas.  The  effect  of  the  surface  upon  the  concentration 
varies  with  the  roughness.  The  smoother  a  surface  the  less  the  particles  are 
inclined  to  roll,  and  the  less  will  be  the  retardation  of  the  under  current  (due 
to  friction).  If  a  plate  glass  surface  was  used  there  would  be  a  minimum  drag 
upon  Ae  under  current  and  the  particles  might  slide  down  the  surface  without 
rolling  at  all.  Both  of  these  qualities  are  bad,  and  probably  whatever  advantage 
was  gained  by  the  trueness  of  the  glass  surface  would  be  more  than  lost  by  these 
disadvantages.  Wood  has  a  slight  roughness  which  inclines  the  grain  to  roll, 
and  diminishes  the  speed  of  the  under  current.  A  cement  surface  does  the  same 
to  a  greater  extent  and  needs  a  steeper  slope  in  consequence.  Bubber  probably 
diminishes  the  under  current.  Canvas  gives  the  ffreatest  drag  on  the  under  cur- 
rent of  any  of  the  materials  used.  Moreover,  the  meshes  of  the  cloth  fumidi 
little  pits  or  riflaes  into  which  the  particles  settle.     Quartz  particles  that  have 


G96  QBE  DBE88INQ.  §  503 

been  stopped  by  these  riffles  in  the  early  stage  of  the  operation  are  crowded  out 
by  the  heavy  mineral  that  follows.  The  author  knows  of  but  one  mill  in  this 
country  (Mill  30)  where  it  has  been  tried,  and  there  the  table  had  the  com- 
paratively gentle  slope  of  1^  inches  per  foot  and  a  speed  of  one  revolution  in  74 
seconds,  with  a  diameter  of  18  feet.  The  author  has  only  begun  upon  experi- 
ments in'  this  line,  but  thinks  the  extraordinary  advantages  of  a  canvas  surface 
can  be  gained  if  the  right  conditions  of  slope  and  speed  of  revolution  are  de- 
termined. For  example,  his  experiments  indicate  that  with  a  steep  slope  (1^ 
to  2  inches  per  foot)  and  a  speed  of  one  revolution  in  5  or  even  10  minutes,  a 
canvas  surface  will  prove  advantageous.  It  is  used  in  some  mills  in  the  Haiz 
Mountains  with  good  results." 

Of  the  25  mills  shown  in  Table  323,  at  least  17  use  wooden  surface  tables. 
Mill  38  tried  a  covering  of  thin  sheet  rubber,  which  was  not  successful  because 
it  wrinkled  in  warm  weather.  Thick  rubber,  however,  gave  good  results.  In 
Mills  15,  21  and  86  cement  surfaces  are  used.  In  some  of  the  tables  the  wooden 
surface  is  kept  true  and  clean  by  special  devices.  In  Mill  48~the  Evans  tables 
have  the  Evans  radial  wooden  scrapers.  In  Mills  15,  45  and  46,  Evans  tables 
are  used  and  presumably  have  the  Evans  scraper.  Mills  38,  42  and  43  have 
wooden  scrapers  essentially  of  the  form  designed  by  Evans,  but  with  rubber 
tacked  on  the  lower  edges.  They  are  placed  radially  and  just  behind  the  jets 
for  washing  off  the  heads.  These  scrapers  not  only  keep  the  table  cleaned  from 
the  formation  of  mineral  or  vegetable  slime,  but  tney  also  grind  off  the  surface 
slightly,  helping  to  keep  it  true.  They  are  held  between  guides  and  bear  their 
whole  weight  upon  the  table.  In  Mill  38  the  weight  of  the  scraper  is  partly  re- 
lieved by  suspending  cords.  In  Mill  15  the  cement  siirface  is  trued  every  nine 
months  by  being  ground  with  fine  sand  and  a  board  straight  edge,  and  is  then 
varnished;  in  this  way  the  true  cone  is  maintained  for  years. 

Speed  of  Revolution. — ^The  speed  of  revolution  controls  the  amount  of  wash- 
ing that  is  done.  A  table  which  revolves  once  in  two  minutes  washes  the  ore 
twice  as  long  as  one  which  revolves  in  one  minute.  The  revolution  may  range 
from  such  a  rapid  speed  that  centrifugal  force  interferes  with  the  treatment, 
down  to  an  indefinitely  slow  speed.  In  general  it  is  affected  by  the  following 
considerations:  thicker  pulp  requires  faster  speed  than  thinner  to  avoid  too  heavy 
an  accumulation  upon  the  surface;  larger  grains  require  faster  speed  than  smaller, 
and  steeper  slope  requires  faster  speed  than  gentler,  other  tMngs  being  equal, 
because  tiie  particles  are  in  both  cases  carried  to  the  circumference  more  rapidly. 
The  shorter  the  run  down  the  slope,  other  things  being  equal,  the  quicker 
should  be  the  revolution  of  the  table,  because  the  material  reaches  tiie  circumfer- 
ence in  shorter  time.  The  faster  the  speed  of  revolution  tiiat  is  practicable  in 
any  case,  the  greater  the  capacity. 

Table  323  gives  the  practice  in  the  mills ;  and  from  that  table  it  appears  that 
slime  tables  in  the  United  States  make  one  revolution  in  from  41  to  155  seconds, 
with  an  average  of  85.  The  41  seconds  record  is  much  less  than  the  others  and 
it  is  on  a  very  small  table.  Kunhardt  speaks  of  tables  in  Europe  revolving 
once  in  30  seconds  and  once  in  24  seconds  respectively,  as  instances  of  the  great- 
est speed,  and  of  others  revolving  once  in  3  to  4^  minutes  (180  to  270  seconds) 
as  instances  of  the  slowest.    The  latter  were  working  upon  very  dilute  pulp. 

Diameter. — ^Table  323  shows  revolving  convex  tables  ranging  from  10  to  19 
feet  in  diameter,  the  usual  size  being  from  16  to  18  feet,  most  frequently  18 
feet.  Since  the  thickness  of  the  water  film  diminishes  as  it  approaches  the 
margin  of  the  table,  and  since  this  method  of  concentration  requires  that  the 
film  shall  not  have  more  than  a  certain  maximum  thickness  nor  less  than  a 
certain  minimum,  it  follows  that  convex  tables  can  treat  pulp  only  for  a  limited 
radial  distance  without  having  the  film  too  thick  at  the  start  or  too  thin  at  the 
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end.    The  real  work  of  separation  is  done  on  the  thre^  or  four  feet  of  radius 
next  to  the  circumference. 

Table  324  gives  the  radii  of  tables  used  in  the  mills,  and  the  net  working 
radial  length.  The  last  column  shows  that  with  a  small  distributing  cone  the 
thickness  of  the  filTn  at  tiie  beginning  of  treatment  is  much  greater  than  at 
the  margin  of  the  table,  while  with  a  wide  distributing  cone  it  is  but  little 
thicker.  The  author  considers  this  fact  an  argument  against  large  tables,  but 
it  does  not  condemn  large  distributing  cones.  The  larger  the  diameter  the 
greater  will  be  the  capacity  of  a  table;  but  the  greater  also  will  be  the  central 
area  on  which  no  concentration  can  take  place,  and  consequently,  the  greater  the 
waste  of  floor  and  roof  space.  The  advisable  limit  of  diameter  seems  to  be 
about  18  feet.  To  make  the  most  use  of  floor  and  roof  space  tables  are  built 
two  and  even  three  decks  high. 


TABLE  324.— WORKING 

BADIU8  OF 

SLIME   TABLES. 

HmorAiithorfty. 

BadioBofS^ed 
Gone. 

Badiui  of  Table. 

Working  Radial 
Length. 

DepthofFUmatCir- 

cumf erenoe  of  Feed 

Cone  DiTlded  by  Depth 

Table. 

81 

88. 

81 

88^ , 

Ft      In. 

1  1     \ 

8         8(a) 
1           6 
8          0 

Ft.      In. 

7  0 
•         0 
9         0 
9         0 
9          0 
9          0 

8  0 
8          8 

8  8 

9  0 
9          0 

8  10 

9  8 

S    '^ 

8          0 
11          8 

Ft.      In, 

4.7 
8.0 
6.1 
8.0 

It. 

7.8 

86^ 

8.0 

87 

8.4 

ffiu..T.......t.-.rT-rTtr-T-TtT 

7.8 

48^ 

8.4 
7.9 

48. 

4L. 

40, 

7.8 
6.9 
8.8 

47. 

9.8 

48. 

8.6 

88^ 

6.8 

r JnkfttbMli  fizfd  tftMfk 

6.7 

(a)  Brans  table— radius  of  dead  head  on  feed  side. 

The  capacity  of  a  conical  slime  table  depends  on  the  various  considerations 
that  have  jnst  been  discussed.  The  pulp  should  not  be  fed  so  fast  as  to  inter- 
fere with  individual  treatment  of  the  grains.  In  1880  Munroe**  found  18-foot 
tables  at  the  Osceola  mill,  Lake  Superior,  treating  18  to  20  tons  of  slime  (drjr 
weight)  in  24  hours;  and  at  the  Atlantic  mill  he  found  tables  treating  30  tons 
womng  on  slime  and  28  to  32  tons  on  sand.  In  1884  Coggin^^  found  tiiat 
20-foot  tables  at  Lake  Superior  were  treating  12  to  13  tons  of  slime  in  24  hours. 
In  Harz  Mountain  practice,  24  to  36  tons  are  treated  in  24  hours  on  tables  from 
16}  to  29}  feet  in  diameter,  sloping  from  1  in  10  to  1  in  12  and  making  1  revo- 
lution in  3  to  4  minutes.*^  Linkenbach  gives  the  following  figures  as  the 
capacity  of  his  fixed  convex  slime  table.* 


Feed. 

Diameter  of  TWile. 

WffeoS- 

Ooarse  slimes 

Medliim  slimes 

Fine  slimes-  t    r  - 1  r  r  - 

6  m.  (19  feet  8  inches.) 

6.6  m.  (81  feet  4  inches.) 

7  to  8  m.  (88  feet  to  98  feet  8  Inches.) 

19.04 
17.46 
16.87 

The  author  believes  that  12  to  15  tons  in  24  hours,  depending  on  the  size  of 
grains,  is  a  suitable  quantity  of  feed  to  18-foot  slime  tables. 

§  504.  The  Belt  Pilm-Tables. — ^These  machines  have  wide  belts  stretched 
between  end  rollers  and  supported  upon  numerous  intermediate  small  rollers  or 
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upon  a  plane  surface.  One  design  gives  the  belt  an  up  hill  travel  like  that  of  a 
vanner,  but  without  any  shaking  motion.  This  yields  only  two  products,  heads 
at  the  upper  end  and  tailings  at  the  lower.  Another  design  has  the  belt  hori- 
zontal in  its  length  but  sloping  from  one  side  to  the  other,  like  the  Stein  machine, 
but  without  a  jerk.  On  this  form  the  pulp  is  fed  upon  the  rear  upper  comer 
of  the  traveling  belt  and  spreads  its  products  out  like  a  fan,  accordmg  to  their 
power  to  move  down  the  slope.  Since  the  belt  is  fed  with  a  sorted  product,  the 
upper  band  of  the  fan  will  have  the  highest  gravity  ore ;  the  next  band  will  have 
the  next  lower,  and  so  on,  down  to  the  lightest  tailings.  These  tables  can  yield 
heads,  middlings  and  tailings,  or  they  can  make  a  three  or  four  mineral  sepa- 
ration. They  diflEer  from  the  slime  tables  in  that  they  have  an  adjustable  slope 
which  adds  one  more  variable  for  adapting  the  treatment  to  the  ore.  The  slope 
may  be  diminished  and  the  water  increased,  or  vice  versa.  The  slime  tables,  on 
the  other  hand,  have  a  constant  slope,  and  the  quantity  of  water  is  the  only 
possible  adjustment.  In  regard  to  the  thickness  of  the  water-film,  it  remains 
constant  on  these  tables  from  the  feed  edge  to  the  discharge  edge;  whereas  it 
diminishes  on  the  convex  tables  and  increases  on  the  concave  tables. 

The  Brunton  table  was  invented  in  1840,**  and  appears  to  have  been  the  first 
traveling  belt  machine  of  any  kind.  The  canvas  belt,  which  was  covered  with 
either  paint  or  rubber,  traveled  up  hill  at  an  angle  that  could  be  varied  by 
means  of  jack  screws  at  the  lower  end  of  the  frame.  On  the  under  side  of  the 
belt  were  attached  cross  cleats,  which  bore  upon  longitudinal  cleats  fixed  to  the 
frame  between  the  two  end  rollers.  The  belt  travel  was  received  through  the 
head  roller.  Pulp  was  fed  at  about  one-fourth  of  the  distance  from  the  head  to 
the  tail,  and  wash  water  very  near  the  head.  The  tailings  were  washed  down 
the  belt  and  of!  at  the  lower  end.  After  passing  over  the  head  roller  the  belt 
dipped,  by  its  own  weight,  into  a  tank  of  water,  where  the  concentrates  were 
deposited.  In  returning  from  this  tank  to  the  tail  roller,  the  belt  passed  up 
over  another  roller  carried  on  the  under  side  of  the  frame. 

A  canvas  belt  slime  table  is  used  in  Mill  86  which  is  probably  of  this  class.  It 
has  the  advantage  of  the  rough  canvas  surface  (§  503)  together  wiUi  continuous 
operation. 

The  Uren  table  was  used  on  native  copper  slimes  at  Lake  Superior  in  the 
sixties.  The  rubber  belt  was  16  feet  long  by  3}  feet  wide,  and  horizontal  length- 
wise, with  an  adjustable  slope  from  side  to  side,  and  moved  on  a  plane  surface 
between  the  end  rollers.  It  wfis  fed  with  pulp  at  the  upper  rear  comer  and 
with  wash  water  alonff  the  upper  margin. 

The  Ferraris  table^^  has  a  plane  rabber  belt  0.7  m.  (28  inches)  wide,  4  m.  (13 
feet)  between  centers  of  end  rollers.  The  latter  are  furnished  with  wide  flanges 
to  keep  the  belt  in  line.  The  belt  slopes  from  one  side  to  the  other,  is  supported 
upon  four  small  rollers,  and  travels  6  m.  (19.7  feet)  per  minute,  being  driven 
by  a  variable  speed  friction  pulley  on  the  head-roller  shaft.  It  is  fed  with  a 
sorted  product  at  the  upper  rear  corner.  Wash  water  is  applied  by  five  jets, 
which  are  nearly  horizontal,  and  are  directed  across  the  belt.  The  jets  are  spaced 
evenly  along  the  belt,  and  each  jet  strikes  the  belt  a  little  lower  than  its  pred- 
ecessor. The  water  flowing  off  the  margin  from  each  jet,  is  caught  in  a  separate 
hopper,  and  in  this  way  the  five  jets  give  five  products  graded  in  richness. 
At  Monteponi,  Sardinia,  in  working  an  ore  that  carries  galena,  oerrasite  and 
calamine,  the  pulp  fed  to  the  table  is  thoroughly  classified,  and  one  table  treats 
40  liters  of  pulp  per  minute,  amounting  to  about  3  tons  of  dry  ore  in  11  hours, 
using  60  liters  (about  16  gallons)  of  wash  water  per  minute.  The  table  does 
quite  as  good  work  without  any  shaking  motion  as  with  it.  The  belt  can  be  made 
long  enough  for  two  or  even  three  successive  treatments  upon  it. 

The  Castelnau  to6?c"  has  a  rubber  belt  traveling  horizontally,  sloping  from 
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BIG.  401a. — 0ANVA8  PLANT  AT  MIM*  78. 


MO.  4016. — ^PULP  DI8TRIBUT0B  AT  MILL  78. 


FIG.  402. — TAILINGS  AND  CON- 
CENTRATES   LAUNDERS   AT 
4      HILL  78. 
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one  side  down  to  the  other.  The  length  of  the  belt  is  7.46  meters  (24  feet  6 
inches)  between  centers  of  end  rollers^  and  the  width  1.47  meters  (4  feet  10 
inches).  The  end  rollers  are  0.6  m.  (2  feet)  in  diameter.  The  inclination  is 
13^^  more  or  leds.  The  upper  part  is  carried  by  26  little  rollers  about  0.11  m. 
(4.3  inches)  in  diameter,  the  lower  by  5  rollers.  The  belt  has  a  speed  of  about 
40  feet  a  minute.  The  belt  is  guided  by  longitudinal  ribs  which  fit  into  grooves 
in  the  end  rollers.  The  machine  is  fed  at  the  rear  upper  comer  and  treata  1  ton 
per  hour.  At  Yilleforty  Lozere,  France,  treating  quartz-galena  ore,  slimes  with 
6%  lead  yield  concentrates  with  about  52%  lead. 

lb.   INTEBMITTENT  SURFACE  TABLES. 

The  intermittent  surface  tables  include  the  canvas,  blanket  and  carpet  tables; 
the  German  sweeping  tables;  and  the  Cornish  frames.  They  do  not  have  the 
circular  form  or  the  revolving  parts  which  permit  automatic  operation.  They 
can  be  charged  automatically,  but  the  change  to  clear  water  washing  and  to  the 
final  sweeping  or  hosing  off  of  the  concentrates  must  be  done  by  hand  at  stated 
intervals. 

§  606.  Canvas  Tables  are  inclined  rectangular  tables  covered  with  canvas 
(cotton  duck).  The  pulp,  to  which  clear  water  is  added  if  necessary,  is  evenly 
distributed  across  the  upper  margin.  As  it  flows  down,  the  sizing  action  of  the 
film  operates  more  effectively  than  with  the  smooth  table,  as  explained  in  §  503. 
When  the  meshes  have  become  pretty  well  filled  with  concentrates  the  flow  of 
pulp  is  stopped,  the  remaining  quartz  washed  off  with  clear  water,  and  finally 
the  concentrates  either  hosed  or  broomed  off.  As  the  warp  always  projects 
higher  than  the  woof,  a  piece  of  duck  will  offer  more  resistance  by  placing  the 
warp  across  the  table  than  down  the  table;  on  the  other  hand,  a  coarser  duck 
laid  lengthwise  may  have  the  same  effect  as  a  finer  duck  laid  crosswise.  The 
great  length  of  the  tables,  combined  with  the  limited  width  usually  adopted, 
makes  it  generally  advisable  to  lay  the  duck  lengthwise. 

The  author  found  three  methods  of  applying  these  tables  to  the  re-treatment 
of  vanner  tailings  in  California:  Mills  76  and  78  treat  the  fine  overflow  of 
hydraulic  classifiers  on  canvas  tables ;  Mill  79  feeds  to  canvas  tables  the  overflow 
of  riflSe  boxes,  which  in  turn  are  fed  with  classified  vanner  tailings;  Mill  80 
formerly  sent  vanner  tailings  directly  to  canvas  tables,  but  now  uses  the  same 
plan  as  Mill  78.  In  Colorado  the  author  visited  a  mill  which  was  sending  the 
whole  of  the  stamp  pulp  to  canvas  tables.  In  Mill  78  each  canvas  table  (see 
Pig.  401a)  is  12  feet  wide,  10  feet  long  and  slopes  1^  inches  per  foot  (7*  5'). 
(The  wood  surface  on  which  the  canvas  is  laid  is  12  feet  square,  but  the  upper 
2  feet  are  covered  by  the  distributor.)  The  canvas  is  No.  6  duck  woven  aU  in 
one  piece  with  the  warp  laid  crosswise.  It  lasts  8  months  before  requiring  any 
patching;  and  is  then  discarded  and  replaced  by  new.  The  canvas  is  slipped  up 
a  little  every  four  or  six  weeks  to  relieve  it  from  the  wear  due  to  the  joints  of 
the  board  table  beneath. 

The  feed  pulp  is  divided  at  the  overflow  of  the  four  classifiers,  each  overflow 
being  divided  into  six  equal  parts  and  sent  to  six  different  tables.  Each  table 
has  a  distributor  such  as  shown  in  Fig.  401&.  At  the  foot  of  the  diverging 
guides  there  is  a  little  dam  perforated  with  holes  2  inches  apart,  for  the  final 
distribution  of  the  pulp.  The  tables  are  arranged  in  two  rows  of  twelve  tables 
each.  Each  row  has  its  own  tailings  launder,  while  a  central  heads  launder 
serves  for  both  (see  Fig.  402).  The  central  launder,  however,  has  a  dividing 
partition  In  it  to  serve  as  a  splash  board,  and  to  allow  the  concentrates  from  one 
side  to  be  kept  separate  from  those  of  the  other  in  case  of  need.  The  attendant 
goes  the  rounds  of  the  tables  once  an  hour.    He  switches  the  feed  from  two  of 
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the  tables  to  two  extra  tables,  turns  on  clear  water  to  remove  some  of  the  remain- 
ing quartz,  then  swings  the  tail  boards  into  line  and  hoses  oflE  the  concentrates 
into  the  concentrates  launder,  using  a  wide,  flat,  broom-shaped  jet,  which  is 
much  more  effective  than  a  com  broom.  The  latter  also  wears  the  canvas  much 
faster.  When  these  two  tables  have  been  cleaned,  the  tail  boards  are  again  tilted 
up,  the  pulp  shunted  back  and  they  go  to  work  for  another  hour.  He  then 
treats  the  next  two  tables  in  the  same  way.  The  two  extra  tables  are  like  the 
others,  and  these  make  a  total  of  twenty-six  tables  to  be  cleaned  every  hour. 
The  twenty-six  tables  are  fed  with  30  tons  of  pulp  (dry  weight)  in  24  hours, 
assaying  about  $2.25  gold  per  ton,  and  yield  about  two  tons  of  concentrates, 
assaying  $30  per  ton.  This  product  is  enriched  on  a  little  end-shake  vanner 
to  1,000  pounds,  assaying  $100  per  ton.  The  plant  requires  two  men  during 
the  day  and  one  at  night,  the  vanner  not  being  run  at  night.  Sizing  tests  which 
give  an  idea  of  the  stuff  treated  by  these  canvas  tables  are  given  in  Table  320. 

Mill  75  employs  forty  of  these  fine  tables,  but  uses  less  slope  (1^  inches 
instead  of  1^  inches  per  foot)  on  account  of  the  slippery  quality  of  the  talcose 
ore,  which  hinders  the  canvas  from  holding  the  pyrite  on  the  steeper  slope.  Mill 
55  has  recently  added  one  of  these  plants. 

In  Mill  79,  after  Mill  72,  the  overflow  from  the  riffle  boxes  treating  the  coarser 
portion  of  the  vanner  tailings  is  conducted  to  a  rough  form  of  classifier  (see  §  338) 
which  delivers  the  pulp  through  1-inch  holes  to  16  canvas  tables.  The  lat- 
ter are  each  39J  feet  long,  20  inches  wide,  slope  0.7  inch  in  1  foot 
(3**  20'),  and  are  separated  by  partitions  2  inches  wide.  They  are 
covered  with  No.  4  Woodbury  cotton  duck,  with  warp  laid  lengthwise.  They 
are  washed  off  once  an  hour.  After  the  pulp  is  shut  off,  clear  water  is  turned  on 
to  wash  off  the  quartz,  and  the  heads  are  then  washed  off  with  a  hose.  While 
the  clear  water  is  removing  the  quartz  from  one  table,  the  concentrates  are  being 
hosed  off  from  the  next.  A  canvas  extension  bridges  the  concentrates  over  the 
tailings  launder  to  the  heads  launder.  The  use  odf  a  broom  halves  the  life  of 
the  canvas.  The  overfiow  of  the  riffle  boxes  treating  the  finer  portion  of  the 
vanner  tailings  goes  to  two  rough  classifiers,  each  for  a  bank  of  twenty-three 
tables,  forty-six  tables  in  all.  These  tables  are  16^  feet  long,  20  inches  wide, 
and  slope  |  inch  in  1  foot  (3°  35').  They  also  are  washed  off  once  an  hour, 
and  this  is  done  by  running  clear  water  over  the  table  and  washing  down  the 
concentrates  with  clear  water,  aided  by  a  broom. 

The  sixty-two  tables  treat  about  119  tons  of  riffle  box  tailings  in  24  hours. 
The  concentrates  are  caught  in  the  second  compartment  of  a  settling  tank.  The 
settlings  in  the  first  compartment,  consisting  of  the  riffle  box  concentrates,  are 
sent  direct  to  chlorination  works;  those  in  the  other  compartments  are  enriched 
by  a  Woodbury  end-shake  vanner,  and  they  yield  in  24  hours  666  pounds  assay- 
ing $100  per  ton.    This  plant  requires  two  men  on  each  shift. 

Mill  80  had  two  banks  of  tables  sloping  toward  each  other.  Each  bank  con- 
tained 45  tables  and  each  table  was  42  feet  long,  20  inches  wide,  net,  with  a 
board  strip  2  inches  wide  and  1  inch  high  between  them.  They  sloped  1^  inches 
per  foot  (5**  20')  and  were  covered  with  No.  8  cotton  duck.  This  was  protected 
from  the  wear  of  the  feed  stream  at  the  upper  end,  by  a  board  5  inches  wide. 
The  main  launder,  14  inches  wide  and  11  inches  deep,  sloping  0.19  inch  per 
foot  (0®  66'),  divided  into  three  parts.  Each  of  these  again  divided  into  two 
parts.  One  of  each  two  parts,  or  a  total  of  three  out  of  the  six  parts,  went  to 
the  near  end  of  the  mill ;  the  remaining  three  parts  bridged  over  to  the  far  end. 
The  remainder  of  the  distribution  for  the  near  end  was  conducted  as  follows: 
Each  of  the  three  parts  divided  into  five,  and  each  of  these  discharged  into  a  dis- 
tributing box  64  inches  long,  14|  inches  wide  at  top,  8  inches  wide  at  bottom, 
12  inches  deep,  feeding  three  tables,  each  through  one  hole.    The  distribution 
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for  the  far  end  was  similar.  At  the  foot  of  the  tables,  three  launders  ran  across 
the  mill,  a  tailings  launder  for  each  bank  of  45  tables,  and  between  them  a 
single  heads  launder,  or  heads  tank  as  it  was  also  called.  When  cleaning  off  the 
tables,  the  concentrates  were  bridged  across  the  tailings  launders  by  wooden 
chutes.  The  tables  are  washed  off  once  in  two  houTs.  The  attendant  has  the 
pulp  shut  off  two  tables  at  one  time ;  clear  water  is  flowing  over  one  of  them  to 
remove  the  quartz,  while  the  other  is  being  swept  down  with  a  com  broom  aided 
by  clear  water.  At  the  end  of  about  5  months  the  canvas  is  so  much  worn  that 
it  ceases  to  catch  well,  and  is  therefore  turned  over.  At  the  end  of  another  five 
or  six  months  it  is  discarded,  dried  and  burned,  the  ashes  being  worked  for  gold. 

The  90  tables  treat  410  tons  of  vanner  tailings  (or  4  tons,  1,100  pounds  each) 
in  24  hours,  assaying  60  cents  per  ton;  yielding  3,000  pounds  of  concentrates 
in  No.  1  settling  tank,  worth  $45  per  ton,  and  238  pounds  in  No.  2  settling  tank, 
worth  $60  a  ton,  with  about  408  tons  of  tailings  assaying  40  cents  a  ton.  At 
the  time  of  the  author's  visit,  it  was  thought  that  the  plant  was  overworked 
and  that  120  tables  would  be  the  proper  number  to  do  the  work.  Since  then  a 
plant  like  Mill  78  has  been  substituted. 

Rittinger's  duck  tables  (Ooldrinnen)  are  9  feet  long,  15  inches  wide,  sloping 
1  inch  to  1  inches  per  foot,  the  heavier  the  mineral  the  more  the  slope.  They 
are  cleaned  after  one  or  two  hours'  work,  the  canvas  being  taken  up,  rinsed  in 
a  tub  and  replaced.  The  capacity  of  each  table  is  0.5  to  0.7  cubic  foot  of  pulp 
per  minute.     One  boy  tends  ten  to  fifteen  tables. 

The  following  figures  show  some  measurements  of  water  films  on  canvas  tables 
in  Mills  78  and  80. 


MILL   78. 

50 

Seconds  for  Wave 
to  Travel  10  Feet. 

ThickDess  of  Film. 

Length 
Tablet 

1  Foot  from  Head. 

1  Foot  from  Tall. 

m^ 

Crest. 

Trough. 

Crest. 

Trough. 

Table. 

Table5 

7.8  to  8.8 
6.5 
6.5 
6.5 

Inches. 

0.067 
0.068 
0.066 
0.066 

Inches. 

0.050 
0.050 
0.060 
O.OSO 

Inches. 
0.060 
0.070 
0.075 
0.078 

Inches. 
0.040 
0.045 
0.045 
0.016 

Feet. 
10 
10 
10 
10 

7*  y 

•nu>ie5 

7*  5' 

Table  6 

7»  y 

I^ble  6 

7»  5^ 

Note.— At  the  head  the  wave  was  5  inches  long  from  crest  to  crest;  at  the  tail  it  was  18  inches.  The  flnt 
set  of  figures  from  each  table  were  taken  Just  after  turning  on  the  feed  pulp;  the  second  set  just  before  turn- 
lug  off  toe  pulp. 

MILL   80. 


5  Inches  from  Head. 

8  Inches  from  Tail. 

ofSSSS. 

ofSSa. 

Crest. 

Trough. 

Crest. 

Trough. 

TaXAeA 

Inches. 
0.10 
0.14 

Inches. 
0.09 
0.18 

Inches. 
0.11 
0.16 

Inches. 
0.10 
0.18 

Feet 
48 

6»  W 

6*  W 

•HkbieB 

KoTB.~Table  A  was  considered  to  have  too  little  water  upon  it;  table  B  was  working  weU.  On  tilde  B  a 
waTe  took  17  seconds  to  go  the  length  of  the  table;  a  splinter  of  wood  took  19  seconds. 

CocoA  MATTiifo  has  recently  come  into  considerable  prominence  in  connection 
with  the  recovery  of  gold  from  modern  river  and  other  placer  deposits.  The 
gravel  is  first  screened,  usually  in  a  trommel  running  on  rollers  and  provided 
with  an  internal  spray  pipe.  The  screen  sends  the  coarsest  gravel  to  waste,  and 
generally,  separates  the  remainder  into  two  or  more  sizes  which  then  pass  over 
long  rectangular  tables  upon  which  the  matting  is  laid.  The  coarsest  gravel 
delivered  to  the  tables  varies  from  a  maximum  of  li  inches  to  ^  inch  diameter 
or  less.  In  order  to  catch  any  gold  that  may  sift  through  the  matting,  cotton 
or  linen  cloth  is  laid  under  it.     The  matting  is  held  in  glace  by  side  cleats  which 
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are  fastened  with  wedges.  To  aid  in  catching  the  gold,  expanded  metal  riffles 
(see  §  610)  are  commonly  laid  on  the  matting.  In  some  cases  wire  netting  is 
used  instead  of  expanded  metal.  As  an  example  of  the  tables  that  are  used> 
we  may  quote  the  Earnschleugh  No.  2  dredge,  which  is  at  work  on  the  Molyneux 
River  in  Otago,  New  Zealand.  These  tables  are  each  3  feet  wide  and  13  feet 
long.  The  matting  is  put  on  in  4-foot  lengths  for  convenience  in  cleaning  up. 
The  method  in  general  use  for  cleaning  consists  in  taking  up  the  mats  and  cot- 
ton, and  rinsing  them  in  a  tank  of  water.  When  sufficient  washings  have  accu- 
mulated, they  are  carefully  re-treated  on  a  table  12  feet  long  by  20  inches  wide, 
covered  with  plush,  baize,  blanket  or  matting,  and  the  gold  that  is  finally  rinsed 
from  these  is  collected  by  panning,  either  with  or  without  mercury.  This  sub- 
ject will  be  considered  more  in  detail  under  Mills  51  and  52  in  Chapter  XX. 

§506.  Cakpet  Tables. — Mills  62  and  76  use  carpet  tables,  following  the 
amalgamated  plates  and  preceding  the  vanners.  Mill  62  uses  Brussels  carpet 
3  feet  long,  56  inches  wide,  sloping  2J  inches  per  foot,  divided  down  the  center. 
The  amalgamated  plates  are  dressed  every  four  hours  and  the  carpets  are  re- 
moved and  cleaned  at  the  same  intervals.  The  carpet  is  cleaned  by  rinsing  it 
in  a  tank  of  water  to  remove  the  rusty  gold,  rich  pyrite,  included  grains  and 
foul  amalgam  adhering  to  it.  In  Mill  76  Brussels  carpet  is  used,  16  feet  long, 
56  inches  wide,  sloping  about  2  inches  in  1  foot  and  divided  down  the  center. 

TABLE  325. CANVAS,  BLANKET  AND  CARPET  TABLES. 

Abbreriations.— Ft.=Feet;  In. = Inches;  No.=Number. 


Min 

No. 


Kind 

of 
Tabto. 


Leagth 
Ft.  In. 


Width. 
Ft  In. 


Slope. 


Inches 


Degrees 


Surface. 


Qaality. 


Life. 


Feed. 


Destination  of 


Concen- 
trates. 


Th- 
ings. 


Tons 
Treated 
per  Table 

in  84 
Hours. 


75 
77 

H 
") 

80 
86 


Carpet 
CaDvas 
Carpet 
BlankBt 
Canvas 


8-0 
104) 
10-0 

10-0 
10<0 


16-8 


1»4) 
liM) 

lS-0 
1-8 
1-6 
1-8 


(»)| 


^ 


\^ 


10»86' 
Sufis' 

9»80' 


Brussels  carpet. 


(0 


(r) 


10-15 


Brussels  carpet. . . . 

Wool  blanket 

No.  6  Cotton  duck. 


12  months.. 
6  months.. 


I 


8»85' 


No.  4  Cotton  duck. 
No.  8  Cotton  duck 


10  months.. 


% 


{% 


7.6-18.5 

5% 


1.9 
4.66 


o)  Stamp  pulp  from  amalgamated  plates. 

tier,    (d} — *" '  • 

talUngSL 
(r>  V.innera.' 


0  Stamp  pulp  from  amalgamated  p] 

(d)  Tailings  of  special  vanner.    C«)  Coarse  riffle-box  tailings.    (/ 


Oi)  Approximately,    (t)  Clean  up  barrel,    ik)  Smelter. 

(«)  Waste.    (QArrastra.    (v)  Partitioned  down  the  center. 


(5)  Overflow  of  hydraulic  classifier,    (c)  Orerflow  of  box  classi- 

.-    .        ^     (/)  Fine  riffle-box  tailings.     (^}  Vanner 

(m)  Special  vanner.    (o)  Cyanide  leaching. 


Blanket  Tables. — In  Mill  77,  woolen  blankets  are  used,  42  inches  long,  20 
inches  wide  laid  on  a  slope  of  2  inches  in  one  foot.  They  are  fed  by  pulp  from 
amalgamated  plate  and  trap.  The  blankets  are  cleaned  by  rinsing  every  two 
to  four  hours,  according  to  the  richness  of  the  ore.  The  rinsings  are  sacked  and 
shipped  to  smelter;  the  tailings  go  to  concentrators.  The  blankets  cost  $1  each 
and  last  12  months. 

The  German  Sweeping  Table,  as  described  by  Kittinger,"  has  a  plane  wooden 
surface  12}  feet  long,  4  feet  wide,  with  slope  to  suit  the  work,  as  follows : 


Slope. 


Cubic  Feet  Pulp 
per  Minute. 


Pounds  Sand  in  a  Cubic 
Foot  of  Feed. 


Diluting  Wash  Water. 
Cubic  Foot  per  Minute. 


!()•  to  12» 
6*  toe* 


0.8  to  0.5 
0.08  to  0.12 


16  to  95 
6to  8 


0.0 
0.15 


It  is  fed  for  four  minutes  with  pulp  distributed  across  the  upper  end ;  the  feed 
pulp  is  turned  off  and  the  wash  water  continues  for  two  minutes ;  then  the  concen- 
trates are  swept  off  with  a  broom.  During  the  charging  and  washing  periods, 
any  banks  that  may  form,  which  tend  too  much  to  hold  back  the  lighter  minerals, 
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are  distributed  by  a  broom ;  and  any  gutters,  which  tend  too  much  to  carry  for- 
ward the  heavy  mineral,  are  checked  by  sweeping  against  them.  During  the 
four  minutes  of  charging,  the  tailings  drop  into  the  tailings  launder ;  during  the 
two  minutes  of  rinsing,  a  short  bridge  conveys  the  middlings  to  their  launder, 
and  during  the  brooming  off,  a  long  bridge  conveys  the  heads  to  their  launder. 
The  use  of  a  table  calling  for  so  much  labor  as  this,  is  confined  to  separating  the 
minerals  in  an  already  concentrated  product;  for  example,  the  separation  of 
galena  from  pyrite  or  blende. 

Cornish  "Fbames*'  are  used  for  washing  fine  slimes  in  the  Cornish  tin  works. 
They  are  plane,  rectangular  wooden  surfaces,  and  are  built  tandem,  so  that  the 
tailings  of  the  first  table  are  re-treated  on  the  second.  After  the  pulp  has  flowed 
over  the  tables  for  a  few  minutes,  the  tail  boards  are  turned  up  so  that  each  table 
will  discharge  into  a  special  concentrates  launder;  and  clean  water  is  applied 
at  the  same  time,  to  wash  down  the  accumulated  concentrates.  The  lever  that 
tilts  the  tail  boards  is  connected,  by  a  rod,  to  the  lever  that  turns  on  the  water, 
so  that  the  two  operations  are  performed  together.  When  the  concentrates  have 
been  washed  down,  the  tail  boards  are  returned  to  their  original  positions  and 
the  operations  repeated.  The  changes  are  made  either  by  hand,  or  automatically 
as  follows:  A  small,  triangular  box,  into  which  water  slowlv  runs,  is  so  placed 
at  the  head  of  each  table  tiiat  when  full  it  overbalances  and  quickly  discharge 
its  contents  upon  the  table.  These  boxes  are  connected  to  the  tail  boards  by  a 
rod  and  levers,  so  that  in  turning  over  they  turn  the  tail  boards  at  the  same 
time.  The  levers  are  so  weighted  that  the  tail  boards  and  boxes  return  to  their 
original  position  after  the  water  is  discharged  from  the  latter. 

II.   BUILDING  TABLES. 

§  607.  Building  tables,  or  buddies,  are  stationary  washers  for  sand  or  slime, 
in  which  the  ore  gradually  builds  up  until  a  bed  10  or  12  inches  deep  has  accu- 
mulated.* The  washing  is  then  stopped  and  the  products  cleaned  out.  The 
building  up  of  the  sands  is  regulated  by  adjusting  the  tail  board  which  prevents 
the  ore  rolling  off  the  table.  Buddies,  like  surface  tables,  must  be  fed  with 
classified  products,  and  when  feeding  begins  the  action  is  the  same  as  on  a  sur- 
face table;  but  as  the  material  builds  up,  the  sizing  takes  place  upon  a  bed  of 
more  or  less  movipg  sand  instead  of  upon  a  solid  surface.  However,  after  the 
building  begins,  the  action  continues  uniform,  so  that  the  finer  grains  (heavy 
mineral)  are  deposited  near  the  feed,  and  the  coarser  grains  (light  mineral)  at 
the  tail.  Buddies  have  a  quality  which  the  surface  tables  do  not  possess,  namely, 
the  finer  particles  nearer  the  head  form  a  comparatively  smooth  surface  on 
which  the  large  grains  easily  roll,  while  the  coarser  grains  nearer  the  tail  furnish 
a  rough  surface.  Each  grain,  therefore,  has  conditions  of  current  and  of  sur- 
face suitable  for  stopping  it  at  its  proper  place.  The  buddies  are  made  convex 
conical,  concave  conical  and  rectangular. 

The  Bound  Convex  Buddle  shown  by  Bittinger  (Figs.  403a  and  4036),  has 
a  feed  cone  with  3  feet  radius,  18®  slope,  and  with  its  outer  edge  9  to  12  inches 
above  the  washing  surface.  The  radius  of  the  tail  board  of  the  buddle  is  10  feet, 
giving  a  radial  length  of  7  feet  for  treatment.  The  tail  board  is  9  inches  to  12 
inches  high.  A  launder  is  placed  around  the  buddle  to  carry  off  the  waste  water. 
The  bottom  is  laid  upon  sixteen  rays  of  timber  fastened  to  a  central  post,  and  upon 
these  are  nailed  the  bottom  boards  matched  together  as  chords  around  the  circle. 
The  boards  so  laid  are  then  planed  to  a  true  conical  surface.  A  revolving  conical 
feed  hopper,  fed  by  a  fixed  launder  above,  distributes  the  pulp  to  the  feed  cone, 

•  The  term  huddle  is  alflo  used  to  desfgnate  a  surface  sisiiig  taUe,  but  the  author  pref en  to 
use  to  the 
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and  upon  the  surface  of  the  latter  are  distributing  blocks  for  evening  the  feed. 
Two  revolving  arms  with  little  drums,  with  crank,  ratchet  and  pawl,  serve  to  regu- 
late the  height  of  the  suspended  sweeping  bars.  The  latter  are  supplied  with 
birch  or  com  brooms,  or  canvas  sweeps.  The  central  shaft  stands  upon  the  cen- 
tral post  and  is  driven  by  beveled  gears  and  pulleys.  It  revolves  10  to  12  times 
per  minute.  The  brooms  being  properly  set,  the  feed  water  is  started,  and  the 
sand  is  shoveled  into  the  feed  box.  The  brooms  level  up  the  gutters  and  ridges, 
and  compel  even  settling.    The  formation  of  the  building  cone  is  watched,  and 


FIQ.  403a. — ^VBBTIOAL  SECTION  OF  ▲  CONVEX  BUDDLE. 


FIO.  4035. — ^PLAN  OP  A  CONVEX  BTJDDLB. 


if  the  sand  builds  too  farf  at  the  upper  end  it  shows  that  the  pulp  is  top  thick, 
or  that  it  is  not  fed  in  sufficient  quantity.  If  the  sand  settles  too  thick  below,  it 
shows  that  the  pulp  is  too  thin  or  that  it  is  fed  in  too  great  quantity.  As  the  bed 
fills  up,  plugs  are  inserted  in  the  perforated  tail  board.  When  charged,  the 
overseer  tests  the  qualky,  if  necessary,  and  marks  off  the  different  products  in 
circles.  The  attendant  then  shovels  each  concentric  product  into  its  pile  or  bin 
or,  if  waste,  to  the  waste  launder.  Rittinger  gives  the  capacity  as  180  pounds 
of  coarsest  slime  or  80  pounds  of  finest  slime  (dry  weight)  per  minute. 
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Mill  11  has  two  convex  buddies  11  feet  outer  and  3  feet  inner  radius^  and  1 
foot  deep^  with  a  central  conical  distributor.  It  has  four  horizontal  sweeping 
arms.  On  each  of  two  opposite  arms  are  two  strips  of  duck,  2  feet  by  3  feet, 
for  sweeping  the  head  and  tail  of  the  slope;  on  the  other  two  arms  are  single 
strips,  of  the  same  size,  for  sweeping  the  center  of  the  slope.  In  front  of  the 
two  arms  with  two  sweeps  are  spray  pipes  for  adding  clear  water.  The  arms 
revolve  eight  times  per  minute.  The  ore  is  shoveled  into  a  box  at  the  side,  into 
which  water  flows.  The  pulp  is  conveyed  by  a  launder  to  a  central  distributing 
cup  and  thence,  by  four  spigots,  to  the  6-foot  distributing  cone.  There  are  two 
of  these  buddies  doing  different  work.  No.  1  is  fed  with  Sudge  which  has  passed 
through  a  1-mm.  round  hole,  1\  hours  being  required  for  charging.  It  makes 
waste  and  three  grades  of  middlings.  No.  2  treats  middle  products  from  No.  1 
and  also  from  a  rectangular  huddle.    This  No.  2  huddle  makes  four  products: 


ytlittiin? 


-L 


JT L 


J_ 


J 


FIG.    404a. — ^VEBTICAL    SECTION    OF    RECTANGULAR 
BUDDLE. 


FIG.  4046. — PLAN  OF  RECTANGULAR  BUDDLE. 


(1)  Lead  ore  accumulated  and  re-run  for  galena;  (2)  market  blende;  (3)  mid- 
dlings returned;  (4)  waste. 

The  Round  Concave  Buddle  shown  by  Eittinger  has  the  same  dimensions  and 
slopes  of  treatment  surface  as  the  convex.  The  inner  radius  is  3  feet,  the  outer 
is  10  feet,  but  it  slopes  toward  the  center.  It  has  four  sweeping  arms  with 
brooms  of  regulated  height,  and  these  arms  are  also  launders  which  feed  the 
pulp  from  the  center  distributing  cone  to  the  sloping  feed  apron  around  the  cir- 
cumference. The  capacity  and  mode  of  regulating  are  about  the  same  as  for 
the  convex  buddle.  The  same  comparison  that  was  made  in  §  500  between  con- 
vex and  concave  slime  tables,  holds  here  for  the  convex  and  concave  buddies. 

The  Rectangular  Buddle  shown  by  Rittinger  (Figs.  404a  and  4046),  is  5 
feet  wide  and  12  feet  long,  with  ends  and  sides  1  foot  high. 

The  right  quantity  of  water,  found  by  experience,  is  turned  on,  and  the  sorted 
ore  is  shoveled  into  the  feed  trough,  and  flows  on  the  table.    A  broom,  shown  in 
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the  figure,  is  used  to  sweep  it  lightly  from  side  to  side,  to  prevent  gutters  form- 
ing in  the  finer  deposit  toward  the  head  end.  Such  gutters  would  carry  down 
the  rich  ore  and  derange  the  working.  Plugs  are  put  into  the  tail  board  from 
time  to  time  to  maintain  the  slope  of  the  sand  bank.  When  the  huddle  is  full 
(9  to  10  inches  deep)  the  water  is  shut  oflE  and  the  quality  of  the  sands  is  tested 
with  a  vanning  shovel  and  they  are  marked  off  into  heads,  middlings  and  tail- 
ings, or  more  products  if  desirable.  The  heads  are  sent  to  the  kieve,  if  rich 
enough ;  if  not,  they  are  set  aside  to  accumulate,  and  are  re-treated  on  the  huddle. 
The  middlings  are  set  aside  to  accumulate  and  are  re-treated  on  the  huddle. 
The  tailings  are  waste.  The  capacity  varies  from  35  pounds  of  coarsest  slime 
to  1.2  pounds  of  finest  slime  per  minute. 

A  scheme  of  re-sorting  the  products  which  require  re-treatment  may  be  some- 
what difficult  to  devise,  and  it  is  not  on  record  as  having  been  practiced,  but  it 
would  add  to  the  efficiency  of  the  re-treatment,  because  these  products  are  com- 
pletely unsorted  by  the  first  huddling.  A  possible  plan  for  accomplishing  this 
result  would  be  to  feed  the  sand  to  a  one  spigot  classifier,  send  the  spigot  product 
to  an  un watering  hopper,  the  spigot  of  which  would  give  an  even  feed  to  a  jig; 
and  to  send  the  overflow  of  the  classifier  as  feed  water  to  a  huddle,  to  which  the 
usual  charge  of  sand  was  added  in  the  feed  box. 

At  Mill  11a  rectangular  huddle  is  used  upon  zinc  blende  sludge.  It  is  5  feet 
wide,  8  feet  long,  1  foot  deep.  The  sweeping  is  done  with  a  broom  having  cot- 
ton duck  upon  it  in  place  of  bristles.  It  treats  the  poorest  middlings  from  the 
round  convex  huddle,  making  tailings  waste,  middlings  re-treated,  and  heads  to 
a  round  huddle. 

A  tye  is  a  long,  narrow  huddle  which  is  fed  by  shovel.  It  somewhat  re- 
semhles  the  *'run*'  (§  338),  but  owing  to  the  difference  in  the  thickness  of  the 
water  film  in  the  two  cases  the  former  acts  more  by  the  sizing  action  of  the  film 
while  the  latter  acts  more  by  the  principle  of  free  settling  particles.  In  Mill 
47  a  tye  is  used  for  treating  the  last  hutch  of  the  finishing  jigs,  and  also,  sepa- 
rately, for  the  concentrates  of  the  slime  tables.  It  serves  here  simply  to  separate 
the  coarser  from  the  finer  portions,  the  former  being  found  at  the  lower  end,  the 
latter  at  the  upper  end  of  the  tye.    This  is  done  in  preparation  for  the  kieve. 

£XPEBIHEKT8    ON    SIZE   OP   GRAINS,    SLOPE    OF    TABLE,    AND    WATEB    QUANTITY 

FOR  FILM  SIZING. 

§  508.  In  order  to  contribute  facts  upon  the  beat  conditions  of  feed,  of  water 
and  of  slope,  the  author  prepared  a  series  of  closely  sorted  quartz  and  galena 
products  in  the  tubular  classifier  described  in  §  357.  The  following  list  gives 
the  diameters  of  the  grains  of  both  quartz  and  galena  in  the  several  sand  sorts 
together  with  currents  of  water  used  in  preparing  them: 


AYflTBge  DiameCen  of  Grains. 

Currents  in  which 
Particles 

Mm. 

Inehes. 

rau. 

Rise. 

Quarts. 

Galena. 

Quarts. 

Galena. 

Mm.  per 
Second. 

Mm.  per 
Second. 

(a)  .0801 

(a)  .0104 

(a)  .00110 

(a)  .00076 

0.00 

1.86 

.088S 

.OIW 

.00188 

.00078 

1.86 

8.5 

.QBQB 

.0098 

.00884 

.00116 

8.6 

5.0 

.0778 

.0418 

.00004 

.00168 

6.0 

7.5 

.OOSB 

.0486 

.00887 

.00108 

7.5 

10.0 

.14S8 

.0618 

.00661 

.00848 

10.0 

15 

.187B 

.0781 

.00780 

.00864 

16 

80 

.AM 

.1088 

.0080 

.0041 

80 

80 

.    .8416 

.1806 

.0186 

.0061 

80 

40 

.8880 

.1404 

.0168 

.0066 

40 

60 

.6841 

.1708 

.0806 

.0007 

60 

60 

.3808 

.    .1887 

.0888 

.0070 

60 

70 

fa)  Hiese  tgmm  have  less  vahie  than  the  others,  because  the  diameters  In  this  case  range  from  the  figures 
gtwBtoaero. 
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PIO.  405. — FINISH  ANGLES  OF  QUARTZ  AND  GALENA,  ON  A  SIZING  SUR- 
FACE, FOR  GRAINS  THAT  FALL  IN  QUIET  WATER,  AND  RISE  IN  AN 
UPWARD  CURRENT  OP  1.25  MM.  PER  SECOND.  O  =  GALENA  OF 
0.0194  MM.  DIAMETER,  X  =  QUARTZ  OF  0.0301  MM.  DIAMETBB. 
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710.  406. — ^FINISH  ANGLES  OF  QUARTZ  AND  GALBNA^  ON  A  SIZINO  BTTB- 

FACE,  FOR  GRAINS  THAT  FALL  IN  AN  UPWARD  CURRENT  OF  1.25 

HH.  PEE  SECOND^  AND  RISE  IN  AN  UPWARD  CURRENT  OF  2.5  MM. 

PER  SECOND.  O  =  GALENA  OF  0.0198  MM.  DIAMETER,  X  =  QUARTZ 

OF  0.0335  MM.  DIAMETER. 
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FIG.  407. — FINISH  ANGLES  OF  QUARTZ  AND  GALENA,  ON  A  SIZING  SUR- 
FACE, FOR  GRAINS  THAT  FALL  IN  AN  UPWARD  CURRENT  OF  2.5  MM. 
PER  SECOND,  AND  RISE  IN  AN  UPWARD  CURRENT  OF  5.0  MM.  PER 
SECOND,  O  =  GALENA  OF  0.0292  MM.  DIAMETER,  X  =  QUARTZ  OF 
0.0668   MM.   DIAMETER. 
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The     table    experiments    were    made    on    a    table    that    had     a    ground 
plate    glass    surface     (see    §  877).     This    table    could    be    supplied    with 
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Pound*  of  watec  per  minute  on  oine«toot  of  wldfli. 
no.  408. — FINISH  ANGLES  OF  QUARTZ  AND  QALENA^  ON  A  SIZING  SUR- 
FACE, FOR  GRAINS  THAT  FALL  IN  AN  UPWARD  CURRENT  OF  10  MM. 
PER  SECOND^  AND  RISE  IN  AN  UPWARD  CURRENT  OF  15  MMi  PER 
SECOND.  O  =  GALENA  OF  0.0613  MM.  DLiMETER^  X  =  QUABtZ  OF 
0.1423  KM.  DIAMETER. 

any    desired    quantity   of    water    distributed    across    its   head,    and    could 
be    set    at    any    angle    of    slope.     Experiments    were    tried    upon    each 
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dime  sort  witb  a  great  niunber  of  water  quantities,  beginning  with  very  little 
and  increasing  for  each  test.  In  each  test,  after  gauging  the  water  to  the  de- 
sired amount,  the  table  was  set  horizontal  and  a  small  quantity  of  the  alime 
sort  was  spread  out  upon  the  surface  in  such  a  way  that  there  should  be  the  least 
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Poundi  of  water  per  minute  on  one  foot  of  width. 

FIG.  409, — FINISH  ANGLES  OP  QUARTZ  AND  GALENA,  ON  A  SIZING  SUB- 
FACE,  FOR  GRAINS  THAT  FALL  IN  AN  UPWARD  CURRENT  OF  30  HM. 
PER  SECOND,  AND  RISE  IN  AN  UPWARD  CURRENT  OF  40  MM.  FEB 
SECOND.  O  =  GALENA  OF  0.1305  MM.  DIAMETER,  X  =  QUARTZ 
OF  0.8416  MM.  DIAMETER. 

possible  interference  of  the  grains  with  each  other.  The  slope  was  then  gradu- 
ally increased  until  four  events  took  place:  (1)  The  first  quartz  grains  sUrted; 
(2)  all  the  quartz  moved;  (3)  the  first  galena  grains  started;  (4)  all  the  galena 
moved.  The  angle  of  slope  was  measured  and  recorded  for  each  of  the  four 
events.     The  two  angles  at  which  respectively  all  of  the  quartz  and  all  of  the 
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galena  moYed,  that  is  to  say,  events  (2)  and  (4)  (which  will  be  referred  to  as  the 
finish  angles)  are  considered  to  be  the  most  important  measures.  As  a  rule 
three  experiments  were  tried  with  each  water  quantity^  upon  each  sand  or  slime- 
8ort.  Tables  326  and  327  show  the  largest  finish  angle  obtained  for  quartz  and 
the  smallesrt  for  galena.    These  angles  have  been  chosen  to  bring  out  the  least 
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FIO.  410. — FINISH  ANGLES  FOB  QUABTZ  AND  OALBNA,  ON  A  SIZING  SUR- 
FACE, FOR  GRAINS  THAT  FALL  IN  AN  UPWARD  CURRENT  OF  40  MM. 
PER  SECOND^  AND  RISE  IN  AN  UPWARD  CURRENT  OF  50  MM.  PER 
SECOND.  0  =  GALENA  OF  0.1404  MM.  DIAMETER^  X  =:  QUARTZ  OF 
0.3880  MM.  DIAMETER. 

adTantageouB  conditions  found.  The  finish  angles  of  all  three  experiments  are 
plotted  in  Figs.  406  to  411.  The  little  end  of  the  series  of  water  quantities  for 
nnall  grains  was  where  the  water  failed  to  cover  the  table;  for  large  grains  it 
was  where  events  (2)  and  (4)  occurred  at  nearly  the  same  angle.  The  large  end 
of  the  series  for  the  finest  slime-sort  was  where  events  (2)  and  (4)  took  place 
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together;  and  for  the  others,  it  was  where  the  water  quantity  was  absurdly  large. 

It  will  be  observed  that  the  method  employed  was  to  measure  angles,  films, 

etc.,  at  the  moment  when  a  body  at  rest  began  to  move.     If  the  opposite  plaD, 

namely,  to  measure  angles,  films,  etc.,  when  a  moving  body  came  to  rest,  had 
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i                                                                                                    ' 

f 

J          -     -                              — 

1         9846  67  80        10       11       181S       14        10 

Pounds  of  water  per  minute  on  one  foot  of  width. 
•  TlM  angles  for  galena,  with  this  quantity  of  water,  were  all  above  11? 

FIG.  411. — FINISH  ANGLES  OF  QUARTZ  AND  GALENA,  ON  A  SIZING  SUR- 
FACE, FOR  GRAINS  THAT  PALL  IN  AN  UPWARD  CURRENT  OF  60  MM. 
PER  SECOND,  AND  RISE  IN  AN  UPWARD  CURRENT  OF  70  MM.  PER 
SECOND.  O  =  GALENA  OF  0.1997  MM.  DIAMETER,  X  =  QUARTZ  OF 
0.5892  MM.  DIAMETER. 

been  adopted,  it  would  have  represented  more  exactly  what  happens  upon  a 
convex  conical  slirae-table.  The  difficulties  of  making  the  tests  by  the  latter 
method  caused  the  selection  of  the  former.  The  difference  in  results  is  that  the 
figures  for  angles  given  in  the  table  are  slightly  larger  than  they  would  be  if  the 
coming-to-rest  method  had  been  employed. 

In  examining  the  starting-angles  of  galena  and  quartz  it  was  noticed  that  the 
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first  grain  of  galena  often  starts  at  an  angle  smaller  than  the  finish-angle  of 
quartz ;  but  for  several  reasons  this  is  not  as  serious  a  matter  as  might  appear. 
First,  there  were  only  a  few  light  grains  of  galena  that  started  before  the  last 
of  the  quartz;  secondly,  they  moved  slowly,  so  that  the  quartz  easily  overtook 
and  left  them  behind ;  and,  thirdly,  the  occurrence  was  confined  to  those  experi- 
ments that  were  near  the  least  water-quantity,  and  therefore  outside  the  range 
of  the  b€»t  working  conditions. 

TABLE  326. — GALENA  FINI8H-ANOLE8,  AT  WHICH  ALL  THE  GRAINS  MOVE. 


pooDds  of  Water  per 

Foot  of  Width  per 

Minute. 

HilllmeterB  per  Second  of  Current  which  Lifts  the  Particles. 

1.96               8.5                6.0                 15                  40                  60                 90 

HiUtaneterB  per  Second  of  Current  in  which  the  Particles  FbIL 

0                 1.86                8.6                  10                  80                  40                  00 

Galena  Finish-Angles  (Minhnum  of  Three  Trials  in  Most  Cases). 

0  B. 

15»80' 
18«  80* 
18»a0' 
7»50' 

9«  00* 

WW 
go  15* 
6«  15' 
6»  60' 
4«  16' 
8<»  66' 
6»00' 
6«  80' 
6«  10' 
6«  40' 
6*  10' 
6«  80' 
6«  86' 
40  45/ 

V*  46' 
5«»  80' 
6*  10' 
6«  OC 
6«  56' 
6»  85' 
fl»  06' 
6»  16' 
?•  05' 
e-  00' 

18«46' 
9»  80* 
7*80' 
7»  10' 
6»  60* 
6»  15' 
5»  86' 
4»  45* 
4«  86' 
40  15' 
4«  00' 
4«»  00' 
4«  06' 
40  16' 
4'»  16' 
4«  20' 
4«  06' 
4«  80' 
6»  00' 
40  80' 
40  46' 
50  06' 
40  40^ 

6«  80' 
6»86' 

10»  40' 
lO-OO' 
6»80' 
6«  80' 
6«  06' 
4»  40' 
4«'85' 
8«  66' 
80  65' 
4«»  00' 
4«  00' 
80  60' 
4«  00' 
4«  10' 
8»  50' 
4<»  06' 
4»  00' 
4*  40' 
8«  60* 
4<'  56' 
4«  45' 
6'»  OP' 
6'»  60' 
6»  10' 

vvy 

1.0. 

1  5, 

?•  SO' 

10*  60' 
6«86' 
••00' 
r»  86' 
4«  80' 
4»  40' 
6»  06' 
6«  IS* 
4-  66' 
6»  40' 
6«  15' 
6«  86' 
4«  65' 
B»  05' 
4»  40* 
8«  80' 
4»  86' 
8«  40' 
6«  05' 
6«  00' 
6«  10' 
60  86' 

8»  85' 
7-80' 
?•  10' 
S*  66' 
6«  95' 
4»  55' 
4»  46' 
4»  90' 
4»  05' 
4»  05' 
4»  15' 
4«  80' 
4»  10* 
4»  10' 
4«  96' 
4»  85' 
4"»  40' 
5*  06' 
4«»  60' 
6«  00' 
6«  90' 
6»  80' 
6«  80' 

90  55/ 

2.0. 

9*  00' 

2  5. 

7«  00' 

8.0. 

8«  05' 

7*  80' 

8  5t  ,, , 

50  86' 

4  0 

6«  10' 

4  5. 

5*  40' 

5.a 

0»  60' 

6<*  05' 

5  a. 

50  \(y 

0  0,  ,, 

40  15' 

5  5^ 

40  40' 

7.a 

1*  W 

4*  60' 

7  5^ 

40  40/ 

8  0  

40  25' 

8  5. 

40  16' 

9.0. 

o«  eo* 

4*  16' 

9  5  

4*  15' 

10  Ol 

40  ig/ 

10  6. 

40  45/ 

11  0* 

40  50/ 

11  5j, 

50  OS' 

12  0, , 

6*  10' 

12.5t 

40  55' 

TABLE  327. — QUAHTZ  FINISH-ANGLES,  AT  WHICH  ALL  THE  GRAINS  MOVE. 

Pooads  of  Water  per 

Foot  o(  Width  per 

Mtaitttei 

Millimeters  per  Second  of  Current  which  Lifts  the  ParUdes. 

1.85               9.6                 6.0                 15                  40                  50                  70 

MiUimeters  per  Second  of  Current  in  Whicn  the  Particles  Fall. 

0                 1.85      *^      8.6                 10                 80                 40                 80 

Quarts  Ftailsh-Angles  (Maximum  of  Three  Trials  in  Most  Gases). 

0.6l 

4» 

8*40' 
2»80' 
9»  40' 

8»90' 
V'W 
V'W 
»  W 
8»90' 
9*  86' 
9«06' 
8»  W 
8«  16' 
9»  16' 
90  00' 
1»85' 
^  00' 
««06' 
!•  66' 
1«40' 
V  46' 

i»ao' 

l«86' 
9«  16' 

1»  50* 
1»80' 
!•  ly 
1»46' 
1»80' 

!•  66' 
8«a6' 
8«06' 
*»  90' 
9«00' 
*»00' 
8«05' 
9«  W 
VW 
9»00' 
9«  W 
VW 
9«  W 
9*00' 
!•  40' 
1»86' 
9^00' 
10  40* 

1«85' 
1»46' 
1«»60' 
1«90' 
1«  85^ 
!•  60' 
!•  66' 

8»46' 
8«96' 
8o  ly 

V  W 

9«  40' 

90  86' 
9«40' 
8«»46' 
9»96' 
9*46' 
9»06' 
8«  16' 
8»40' 
8«06' 
9«00' 
!•  60' 
1»40' 
9«06' 
9^80' 
2«  10' 
!•  40' 

V  W 
1»85' 
10  50^ 

11»  06' 
7»  80* 
4»  90* 
8»60' 
8<»80' 
8o  10' 

V  W 
««60' 
8«  60' 
8«60' 
8-06' 
8«»05' 
8«  86' 
8*80' 
8«  05' 
8*80' 
8*80' 

V  w 
v^w 

»  W 
««06' 
8«40' 
!•  86' 
9»  10' 

7»  80' 
6«»90' 

v>w 

8»  10' 
8«  00* 
8«  10' 
8«56' 
8«60' 
8»  06' 
8»45' 
9«50' 
8»  00' 
2»  80' 
8«56' 
9*  60' 
9«66' 
8«60' 
9«46' 
9«46' 
8«96' 
8«06' 
8«46' 
«•  80' 
9»  10' 
9*90' 

8*  40' 

1.0. 

5*  86' 

1  5,    

4^  10' 

2.0  

8*  1^ 

25^ 

80  (\fy 

a.a 

1«06' 

90  45' 

85, 

90  SO' 

4.a 

20  85' 

4.6, ,.,.. 

20  50' 

5.0 

©•eo* 

8*  56' 

5.8, ^ 

9"  40' 

e.a 

9*  40' 

8.5^ 

8*  10' 

7.a 

7.8, 

l-Oft*   . 

V  15' 
80  06' 

8.a 

8*  10' 

I.5.. 

8*  85' 

9.0::::;:::::::::;::::::.. 
9.1 

0»60 

8«95' 
80  15/ 

»'©:;;:!!!:;!:;:;!;;;;;:;; 

2e  45/ 

10.5 

8«  80' 

no 

4*  00' 

n.5 

80  06' 

120 

2«  45' 

w.s. 

8*  40' 

In  each  of  the  above  experiments  the  thickness  of  the  water  film  was  measured, 
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each  time  that  the  elope  of  the  table  was  measured^  by  means  of  a  special  gauge 
(see  §  884).  When  the  film  was  broken  into  waves,  both  the  crest  and  tiie 
trough  of  the  waves  were  measured.    In  order  to  get  average  values,  these  meas* 
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ures  were  all  plotted,  each  plot  representing  a  single  rate  of  flow,  and  average 
curves  were  drawn.  The  complete  set  of  average  values  is  given  in  Table  328. 
For  convenience  the  films  were  measured  at  a  point  where  there  were  no  ore 
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grains,  and  hence  the  figures  may  be  a  little  smaller  than  on  a  table  that  had  ore 
on  its  entire  surface.    From  the  figures  in  Table  328  the  average  depth  of  the 
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FIO.  413. —  HEIGHT  OF  WAVE  ON  A  SIZING  SUBFAOE^  IN  PEB  CENT.  OF 
THE  HEIGHT  OF  THE  TROUGH. 


water  has  been  calculated  oy  assuming  it  to  be  the  height  of  the  trough  plus 
one-third  the  added  height  of  the  crest,  and  these  average  thicknesses  are  shown 
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in  Fig.  412.  The  film  is  practically  always  broken  into  waves,  and  these  have 
the  effect  of  moving  the  ore  faster  than  otherwise,  the  wave  in  fact  acting  for 
an  instant  like  a  thick  film.  The  formation  of  waves  varies  with  the  quantity 
of  water  and  the  slope,  as  is  well  shown  in  Fig.  413.  The  lines  marked  10%, 
15%,  20%  and  so  on,  trace  out  that  part  of  the  field  where  the  crest  is  elevated 
above  the  trough  to  a  height  of  10%,  15%,  20%,  and  so  on,  of  the  thickness  of 
the  trough. 


TABLE  328. — ^AVERAGE  THICKNESS  OF  WATER  FILMS  ON  SLIME  TABLES,  IN  INCHES. 

Pounds  of  Water  per  Minute  Flowing  over  1  Foot  Width  of  Suifaoe. 

0.26 

0.5 

1 

2 

8 

5 

7 

Slope  of  Table. 

i 

1 

I 

1 

1 

^ 

t 

1 

1 

1 

t 

1 

t 

i 
1 

©•IB* 

.100 
.018 
.014 
.012 
.011 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.009 
.009 
.009 
.009 
.009 
.009 

'.'ois' 

.018 
.018 
.014 
.016 
.016 
.016 
.016 
.017 
.017 

.085 
.024 
.019 
.018 
.017 
.016 
.016 
.016 
.014 
.018 
.012 
.012 
.011 
.010 
.010 
.009 
.009 
.006 
.008 
.007 
.007 

.021 
.022 
.022 
.022 
.084 
.024 
.026 
.025 
.026 

.070 
.080 
.024 
.021 
.020 
.020 
.019 
.018 
.017 
.017 
.016 
.015 
.014 
.018 

".ixH 

.081 
.081 
.082 
.088 
.082 
.082 
.082 
.082 

.065 
.041 
.082 
.087 
.QM 
.028 
.088 
.022 
.022 
.022 
.021 
.021 

'.oil* 

.089 
.089 
.089 
.010 
.040 
.041 

.067 
.048 
.087 
.061 
.089 
.089 
.028 
.028 
.088 

.047 
.047 
.047 
.047 
.048 

.180 
.060 
.017 
.010 
.086 
.088 
.089 
.028 

'.'oai' 

.048 
.047 
.047 
.047 

.150 

!• 

.067 

S» 

•88 

8« 

4» 

B« 

6« 

7* 

.086 
.084 
.OSS 

8« 

©• 

10«» 

11« 

19* 

18" 

14« 

15» 

16<» 

ir» 

18«» 

19« 

SO* 

Pounds  of  Water  per  Minute  Flowing  over  1  Fbot  Width  of  Suifaoe. 

9 

11 

18 

15 

17 

87 

85 

48 

Slope  Of  Tttde. 

t 

1 

I 

1 

I 

1 

t 

5 

t 

1 

0«»16' 

!• 

'  '.m 

.066 
.060 
.060 
.060 
.061 

.160 
.071 
.068 
.046 
.042 
.089 
.066 

".068 
.062 
.060 
.049 
.048 
.047 
.046 

.170 
.076 
.066 
.049 
.045 
.048 
.040 
.087 
.084 

'!666* 
.058 
.049 
.047 
.046 
.044 

.196 
.081 
.069 
.068 
.048 
.044 
.040 
.088 
.086 

.065 
.060 
.046 
.044 
.048 

.165 
.064 
.068 
.053 
.047 
.048 
.041 
.040 

'.'ois' 

.800 
.088 
.068 
.054 
.060 
.047 
.045 
.048 
.048 

.800 
.100 
.078 
.007 
.060 
.064 
.051 
.049 

.819 
.116 
.060 

.ore 

.006 
.061 
.068 

.ttS 
.188 

a« 

.101 

8« 

.084 

4» 

.078 

6» 

.008 

6« 

7« 

8-;;::::::;::;;:::;::;:::::: 

The  average  velocities  of  the  currents  obtained  in  the  experiments  have  been 
computed,  upon  the  assumption  that  the  average  thickness  of  the  film  is  equal 
to  that  of  the  trough  plus  one-third  of  the  difference  between  the  trongh  and 
the  crest,  and  are  given  in  Table  329  and  Fig.  412.  These  figures  give  average 
velocities,  and  do  not  show  either  the  slow  bottom  current  or  the  quick  top  cur- 
rent. Fig.  412  indicates  that  with  7^  pounds  of  water  per  minute  flowing  over 
each  foot  of  table  width,  and  with  a  slope  of  l"*  30',  the  velocity  would  be  5  inches 
per  second,  and  that  the  same  velocity  would  occur  with  5^  pounds  of  water  on 
a  3**  30'  slope ;  but  the  bottom  velocities  may  be  quite  different  in  the  two  cases, 
because  one  of  the  films  is  60%  deeper  than  the  other.  Hence  the  two  sets  of 
conditions  may  suit  quite  different  qualities  of  sand. 
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TABLE  329. — ^AVERAGE  VELOCITY  OP  WATER  CDRBENT  ON  SLIME  TABLES,  IN  INCHES 

PER  SECOND. 


Sk^M  of  Table. 

Pounds  of  Waler  per  Minute  Flowing  over  1  Foot  Width  of  Surface. 

0.25 

OJS 

1 

8 

8 

5 

7 

9 

11 

18 

15 

17 

27 

85 

48 

0*  ly 

!• 

*» 

«• 

<• 

6- 

ft« 

?• 

0.1 

0.68 

0.60 

0.80 

0.87 

0.96 

0.96 

0.96 

0.96 

0.96 

0.96 

0.96 

1.07 

1.07 

1.07 

1.07 

1.07 

1.07 

0.23 
0.80 
1.01 
1.07 
1.18 
1.20 
1.28 
1.88 
1.87 
1.48 
1.60 
1.60 
1.60 
1.74 
1.74 
1.74 
1.74 
1.98 
1.93 
1.98 
1.98 

0.55 
1.88 
1.60 
1.88 
1.98 
1.98 
1.98 
8.08 
8.03 
8.06 
8.14 
8.14 
2.27 
8.87 

1.17 
1.86 
8.87 
8.71 
8.91 
8.03 
8.08 
8.08 
8.08 
8.03 
8.17 
8.17 

1.78 
8.40 
8.06 
8.88 
8.60 
8.60 
8.50 
8.59 
8.50 

1.48 
8.20 
4.00 
4.56 
4.98 
5.19 
6.49 
5.66 

1.79 
4.08 
5.88 
6.26 
6.90 
7.06 
7.27 

2.31 
4.K8 
0.41 
7.86 
7.70 
8.05 
8.45 

2.50 
6.58 
7.55 
8^ 
9.08 
9.41 
9.87 
10.59 
11.15 

2.66 
6.17 
8.45 
9.41 
10.18 
11.10 
11.85 
12.48 
13.15 

8.50 
6.87 
0.80 
11.09 
12.01 
18.10 
18.70 
14.05 

8.27 
7.84 
10.51 
12.06 
18.05 
13.90 
14.50 
15.20 
15.55 

5.19 
10.89 
18.30 
15.45 
17.80 
19.22 
20.80 
21.20 

6.16 
11.62 
15.15 
17.75 
20.50 
22.10 
28.25 

6.31 
12.45 
16.85 
19.70 
22.10 
28.90 

a* 

9» 

io» 

!!• 

M» 

1*» 

14«» 

15" 

16» 

X7» 

18" 

!»• 

80» 



§  509.  Discussion  of  the  Experimental  Results. — By  examining  the  ctiryes 
of  quartz  and  galena  we  see  that  they  all  drop  from  the  left  where  the  water 
quantity  is  small,  the  galena  being  considerably  higher  than  the  quartz.  The 
quartz  curve  then  runs  in  nearly  a  straight  line  to  the  right,  where  the  water 
quantity  is  large.  The  galena  runs  part  way  across  nearly  parallel  to  the  quartz 
and  then  rises  up  into  high  angles.  The  galena  curve  may  be  said,  therefore,  to 
have  a  peculiar  sag  in  it  between  5  and  10  pounds  of  water.  The  wave  curves 
(Fig.  413)  appear  to  account  for  this  sag  in  the  galena  curves,  as  the  former 
have  a  sag  which  corresponds  to  that  in  the  galena  curves,  showing  that  the 
waves  serve  to  start  the  galena  moving  at  lower  angles  than  it  would  move  with- 
out them.  The  only  exception  is  the  curve  of  galena  for  grains  which  rise  in 
1.25-mm.  current.  In  this  the  quartz  and  galena  are  washed  off  together  at  very 
low  angles  when  the  water  is  more  than  4  pounds. 

The  Choice  of  Slope  for  a  Table. — If  the  quartz  finish  anglais  assumed  to  be 
the  right  one  for  tables  then  it  is  clear  that  the  wider  the  space  between  the  quartz 
and  galena  curves  the  better  will  the  separation  be.  This  indicates  better  treat- 
ment with  less  than  5  pounds  of  water  or  with  more  than  10  pounds  than  between 
the  two.  The  latter  field,  however,  is  not  so  much  behind  the  other  two  in  its 
work  as  the  curves  might  imply,  becausp  the  galena  is  practically  not  moving  at 
all  when  the  quartz  is  nearly  all  rolling.  If,  on  the  other  hand,  the  finish  angle 
of  galena  be  chosen  as  the  right  one  for  tables,  then  the  discrepancies  between 
the  three  fields,  namely,  below  5  pounds,  between  5  pounds  and  10  pounds,  and 
above  10  pounds,  would  probably  disappear  altogether,  for  whatever  effect  the 
waves  had  in  hurrying  the  galena  off  the  table  with  5  to  10  pounds  of  water 
would  hurry  off  the  quartz  still  faster.  If  the  quartz  angle  be  chosen,  the  quartz 
will  move  away  leaving  the  galena  stationary.  The  act  is  like  that  of  a  boat 
sailing  away  from  her  moorings.  The  separation  is  made  by  the  departure  of 
the  quartz  from  company  with  galena.  If  thie  galena  angle  is  used,  a  race  is 
initiated  in  which  the  quartz  beats.  The  two  catch  words  "departure"  and 
"race**  seem  to  express  the  difference  in  principle  between  the  two  methods. 
The  capacity  of  a  table  with  the  quartz  angle  will  be  much  less  than  with  the 

Siena  angle,  as  &e  particles  will  move  down  the  slope  much  more  slowly;  and 
e  concentrates  are  apt  to  be  less  clean,  because  the  solid  bank  of  galena  tends 
to  entangle  grains  of  quartz  except  with  large  quantities  of  water. 

The  following  table,  compiled  from  Tables  326  and  327,  shows  a  suggested 
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grouping  of  sand  and  slime  sorts  that  are  probably  suitable  for  separatmg  chal- 
copyrite  (specific  gravity  4)  or  blende  (specific  gravity  4)  from  quartz  (specific 
gravity  2.6).  When  galena  (specific  gravity  7.5)  is  to  be  separated  from  quartz, 
probably  two  groups,  32 — 1.25  and  1.25—0  mm.  per  second  settling  velocity, 
will  be  all  that  are  needed,  instead  of  the  last  three  shown  in  the  table.     Com- 


SUGGESTED   CLASSIFICATION   OF   SUMES 

FOB   SLIHE 

PABLES. 

Diameter  of 
Grains. 

CunentB  in  which 
Grains  Settle. 

Pounds  of  Water  per  Minute  per  Fkwt  of  Wid^ 

IH         s 

A 

5      1       . 

vt 

Mm. 

Ifm.  per  Second. 

Slopes  at  which  aU  Grains  BolL 

Quarte 

0.8(M>.680 

0.119-O.lW 

O.00U-4).96 

0.047-0.119 

0.0885-0.0911 

0.019S-0.0I7 

(M).0886 

0-0.0196 

l.SCM) 
0-1.96 

4«»90' 

PS 

8-60' 
9»00' 
8*>60' 

108  W 
»»40' 

9«50' 

go  60' 
4*46' 

6«00' 

9*55' 
6«06' 

4»18' 
9*  SB' 

e»0B' 

O'fiO' 
O-fiO* 

S^OB"  1   2^45' 

SufSmV"....  !!!! 

40  15/  .  e*  lO' 

Qnarti 

8*  OB' 
4«00' 

9*  XT 

i*8y 

Galena  

fBT 

QuartB 

!•» 

vwlfioa 

7*W 

Qniirts. 

GfUena 

paring  the  above  figures  of  slime  sorts  with  those  nsed  in  the  mills,  we  find  that 
the  mills  treat  together  all  the  ore  that  will  rise  in  a  current  of  25  or  30  mm.  a 
second,  and  they  do  this  with  chalcopyrite  as  well  as  with  galena.  Comparing 
the  figures  in  regard  to  slope,  we  find  that  in  the  mills  the  galena  finish  angle, 
or  an  angle  a  little  steeper,  is  the  one  which  has  been  empirically  settled  upon. 
We  do  not  find  in  the  mills,  however,  the  chief  law  which  seems  to  be  established 
by  these  tests,  namely,  that  with  coarse  sand  sorts  we  need  gentle  slope  and  much 
water,  while  with  fine  sand  sorts  we  need  steep  slope  and  little  water.  The  ex- 
periments suggested  the  following  as  probably  the  best  slopes  and  water  quanti- 
ties: 


Slopei 


Water  ( 


For  coarse  pulfk  88-70  mm.  settUnr  velocity , 

For  medium  pulp,  1.96-89  mm.  settUnff  Telocity. 
For  finest  puip,  0-1 .9B  mm.  settling  veloci^ 


9«4B' 
5«>to«» 
8*  to  10* 


19pounda. 

BtoBpoondfl. 

9poimdB. 


The  coarse  sand  sort  (32 — 70  mm.  settling  velocity)  is  put  in  the  table  be- 
cause of  preliminary  experiments  which  the  author  believes  show  that  such  a 
sand  sort  may  in  some  cases  be  advantageously  treated  upon  a  slime  table.  His 
tests  indicate  that  with  12  pounds  of  water  or  more,  the  speed  with  which  these 
coarse  grains  move  is  so  great  that  the  quartz  finish  angle  is  the  one  best  suited 
for  their  treatment.  This  might  be  used  for  phosphates,  pjrite,  or  any  mineral 
of  not  too  high  value  which  had  to  be  treated  in  large  quantity,  where  water  was 
abundant  or  could  be  cheaply  pumped. 

It  will  be  noted  that  the  experiments  were  made  upon  a  rectangular  plane 
table,  while  the  mills  employ  convex  conical  tables;  and  it  may  be  said  that  on 
the  rectangular  table  there  is  not  the  change  in  depth  and  velocity  of  water  that 
occurs  in  passing  from  the  center  to  the  circumference  of  a  conical  table.  This 
change,  however,  is  very  slight,  for  a  distance  of  one  or  two  feet  next  to  the  cir- 
cumference ;  and  if  the  water  is  adjusted  for  this  portion  of  the  table  the  condi- 
tions will  be  nearly  the  same  on  a  convex  as  on  a  plane  table. 

D.  Riffles. 

§  510.  The  term  rt;^s  has  been  used  indiscriminately,  to  designate  either  the* 
blocks  placed  in  a  trough  or  sluice  to  hold  back  heavy  minerals,  or  to  designate 
the  pockets  between  the  blocks.    In  the  following  pages  the  pockets  are  called 
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the  riffles,  and  the  blocks  are  called  riffle  blocks.  When  a  stream  of  water,  carry- 
ing 8and  and  gravel,  passes  over  riffles  the  agitation  due  to  the  current  softens 
up  the  deposit,  and  the  quartz,  being  lighter,  rises  and  is  carried  along  by  the 
cutxent^  while  the  heavier  minerals,  including  gold,  platinum,  precious  stones, 
garnet  and  black  sand,  mostly  remain  in  the  riffles. 

Riffles  find  their  principal  use  in  hydraulic  mining,  which  is  so  large  a  sub- 
ject that  it  requires  a  treatise  of  its  own.  The  reader  is  referred  to  Bowie's 
''Hydraulic  Mining,*'  to  an  article  by  Waldeyer  in  Raymond's  Report  of  the  Min- 
eral Resources  West  of  the  Rocky  Mountains  for  1873,  and  to  an  article  by 
Hammond  in  the  Ninth  (1889)  Annual  Report  of  the  California  State  Miner- 
alogist. The  author  will,  however,  describe  various  forms  of  riffles,  and  some 
of  the  ways  in  which  they  are  used  in  ore  dressing.  It  is  quite  pertinent  here 
to  repeat  that  the  Wilfley  table  owes  its  capacity  and  efficiency  largely  to  its 
riffles. 

In  general  the  design  of  sluice  and  riffle  block  which  most  systematically  com- 
bines spaces  of  quick  current  followed  by  spaces  of  comparative  rest  (eddies) , 
often  repeated,  most  successfully  fills  the  requirements.  The  eddies,  however, 
must  not  be  t(X)  quiet  or  they  will  fill  with  quartz  at  the  start  and  never  change. 

FORMS  OF  BIFFLES. 

Timber  Riffle  Blocks  are  square  wooden  blocks  8  to  13  inches  high,  set  on 
end  in  rows  across  a  sluice  or  trough.  Each  row  of  blocks  is  separated  from  the 
next  by  riffle  strips  1\  inches  thick  and  2  to  3  inches  wide,  nailed  to  them  (see 
Fig-  419).  They  are  held  in  place  by  wooden  wedges  against  the  sides  of  the 
sluice.  Bowie  states  that  these  riffle  blocks  are  better  than  all  others  where 
timber  is  not  too  dear,  and  that  the  cross  riffle  they  make  is  not  excelled  by  any 
other  form.  In  choosing  wood  he  prefers  that  which  is  long  grained  and  brooms 
np  well.  Hard  timber  which  wears  smooth,  such  as  oak,  is  not  desirable.  Nut 
pine  is  best,  and  pitch  pine  answers  all  requirements. 

Rock  Bipfles  do  good  work.  They  are  made  by  placing  cobble  stones  on  end 
and  close  together  in  a  sluice,  the  tops  of  the  stones  being  pointed  slightly  down 
the  dope.  To  keep  the  rocks  in  place,  a  cross  plank  is  placed  in  the  bottom  of 
the  sluice  every  6  or  8  feet.  In  some  cases  rock  riffles  have  been  preferred  to 
timber,  but  they  take  longer  to  clean  up  and  to  re-set  They  require  a  steeper 
grade  than  block  riffles. 

Bar  Biffles  are  made  by  putting  cross  bars  in  the  bottom  of  a  sluice.  Blocks 
or  bars  1  to  2  inches  high  are  common  practice,  but  the  spaces  vary  greatly  (from 
an  inch  or  two  to  several  feet).  John  M.  Sweeney*®  found  that  the  form  showp 
in  Fig.  414a  was  much  more  efficient  for  separating  gold  from  quartz  and  black 
sand  than  the  form  shown  in  Fig.  4146. 

A  modification  of  the  Robinson  riffle  is  shown  in  Fig.  416a.  Each  riffle  is  12 
inches  wide,  12  inches  long  and  about  3  inches  deep  in  the  middle.  These  riffles 
have  been  successfully  used  in  a  cyanide  leaching  plant*'  to  catch  the  coarse  gold 
in  the  tailings,  by  means  of  mercury  placed  in  the  riffles  at  A.  The  sulphurets 
collected  at  B,  At  this  same  plant  the  original  form  of  Bobinson  riffle  (Fig. 
4156),  allowed  the  sulphurets  to  collect  and  pack  at  B  so  that  the  free  gold  could 
not  come  in  contact  with  the  mercury  at  A. 
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Expanded  Metal  Riffles  (Fig.  416)  are  very  commonly  used  on  gold  drcilg- 
in  connection  with  cocoa  matting  (§  505).  The  usrual  size  for  this  purpo^  has 
meshes  4^  inches  long,  and  2^  inches  wide,  and  is  made  of  steel  about  0.08  inch 
thick.  It  is  laid  on  top  of  the  cocoa  matting  after  the  latter  is  spread  on  the 
inclined  tables,  and  is  found  very  efficient  in  arresting  the  gold.  The  flat  sur- 
faces of  the  metal  strands  slope  about  45° ;  and  to  be  most  effective,  the  tops  of 
the  strands  must  be  pointed  down  the  slope.  They  have  but  little  catching 
power  when  laid  the  opposite  way. 

HowLAND  BiFFLES  (Fig.  417)  are  made  of  cast  iron,  and  are  in  sections  or 
blocks  which  are  honeycombed  by  perforations,  and  superficially  roughened  by 
grooves  as  follows:  The  blocks  are  12  inches  long,  4  inches  wide,  and  are  higher 


FIQ.  415a. — ^MODIFIED  ROBINSON  RIFFLE. 


FIG.    4156. — ^ROBINSON   RIFFLE. 


Fia,  417. — ^HOWLAND  RIFFLES. 


FIQ.       416.  —  EXPANDED      METAL 
RIFFLES. 


FIG.  418.— CRADLE  OR  ROCKER  VITITH  PART 
OF    SIDE    CUT   AWAY. 


across  the  center  than  across  the  two  ends.  Deep  cross  troughs  are  made  at  the 
center  and  at  the  upper  ends,  which  are  to  be  charged  with  mercury ;  longitudinal, 
shallow  grooves  run  down  the  slopes  from  the  center  to  the  ends,  and  between 
these  grooves  are  slots  which  extend  vertically  through  the  castings.  The  blocks 
may  be  put  together  sidewise  to  suit  the  width  of  any  trough  whose  width  is  a 
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multiple  of  4  inches,  and  they  are  so  placed  as  to  break  joint  with  each  other 
longitudinally  and  so  increase  the  eddying  action  of  the  riffles.  It  will  be  seen 
that  any  heavy  particles  that  find  their  way  beneath  one  of  the  castings  are  re- 
tained there 

In  Mill  82  there  are  two  sluices  fitted  with  Rowland  riffles,  each  fed  with 
stamp  mill  pulp.    The  sluice  is  12  inches  wide,  8^  inches  deep,  and  slopes  6°,  30'. 

APPLICATION  OP  EIFPLB8. 

§511.  The  Cradlb  ob  Bocker  (Fig.  418)  is  a  box  about  40  inches  long  and 
from  16  to  20  inches  wide,  mounted  on  transverse  rockers,  and  having  the  back 
end  closed  and  the  front  end  open.  The  sides  slope  up  from  the  front  toward 
the  back  end  to  a  height  of  12  'to  20  inches.  A  screen  box  16  to  20  inches  square 
and  4  to  6  inches  deep,  having  a  perforated  screen  with  ^-inch  holes,  is  set  on 
top  at  the  back  end.  Beneath  this  is  a  backward  sloping  baffle  board,  or  an 
apron  made  of  canvas  or  of  blanket.  On  the  bottom  of  the  cradle  are  two  riffle 
cleats  about  j  inch  high,  one  near  the  middle  and  one  near  the  lower  end.  The 
method  of  working  is  to  shovel  gravel  into  the  screen  box,  and  to  pour  in  water 
from  a  dipper  while  rocking  the  cradle  by  hand.  The  apron  throws  the  screen- 
ings backward,  and  when  it  is  made  of  canvas  or  blanket  it  catches  some  of  the 
fine  gold.  The  coarse  gold  is  caught  in  the  bottom  riffles.  The  sand  quite 
easily  packs  in  these  riffles  if  the  rocking  is  not  kept  up,  and  this  leads  to  loss  of 
gold.  For  convenience  in  cleaning  up,  the  screen  box  and  apron  can  be  lifted 
out.  What  is  caught  on  the  apron  and  in  the  riffles  is  washed  in  a  hand  pan 
to  remove  the  last  of  the  sand.  The  cradle  is  a  regular  tool  for  washing  aurif- 
erous gravel  on  a  small  scale ;  and  is  also  used  to  clean  up  sluices  and  auartz  mills. 

Thb  Sluice,  as  the  term  is  used  in  placer  working,  is  both  a  trough  for  trans- 
porting water  and  gravel,  and  a  concentrator  for  catching  and  holding,  by 
riffles,  any  heavy  grains  the  gravel  may  contain  (see  Fig.  419). 

Many  forms  of  riffle  blocks  have  been  used  in  sluices  and  their  designs  are 
usually  governed  by  three  considerations:  (1)  The  first  cost  and  life;  (2)  the 
effectiveness  of  the  riffles;  and  (3)  the  ease  with  which  they  are  cleaned  up  and 
reset. 

Bowie  gives  the  grade  of  a  sluice  at  6  to  6^  inches  fall  for  a  12-foot  box 
(2**  25'  to  2*  35').  In  some  places  where  much  clay  is  to  be  washed  off  9  to  12 
inches  (3^  35'  to  4^  45')  is  used,  and  where  a  minimum  grade  must  be  used, 
as  low  as  2|  to  3  inches  (l""  to  1*"  10')  for  a  16-foot  box  has  been  used.  His 
figures  on  sizes  and  carrying  power  of  sluices  are  as  follows : 


Depth. 

Width. 

Grade. 

Gapad^  in  Miner*B 
Inches  of  Water. 

88  inches. 
SO      " 

»    " 

Ofeet. 
4    " 
8    " 

8,000  to  8,600 

8.000 

000  to  1,000 

In  Mill  79,  thirteen  riffle  boxes,  103  feet  long,  12  inches  wide,  8  inches  deep, 
with  sides  and  bottom  made  of  2-inch  plank,  are  placed  side  by  side,  sloping  1** 
25'  (-j^  inch  per  foot).  They  have  movable  riffle  bars  16  feet  apart,  IJ  inches 
high,  lying  across  the  bottom,  and  held  in  place  by  cleats  on  the  sides.  They 
are  fed  with  the  vanner  tailings,  by  a  rough  form  of  classifier.  The  pulp  is  re- 
ceived at  the  middle  of  this  classifier  and  runs  both  ways,  discharging  uirough 
thirteen  1-inch  holes  to  the  13  riffle  boxes.  The  latter  are  cleaned  out  once  in 
24  hours,  two  at  a  time,  by  turning  off  the  pulp  and  turning  on  wash  water  for  a 
time  to  rinse  oflE  some  of  the  quartz ;  then  the  riffle  bars  are  removed  and  the  con- 
centrates are  swept  out  while  the  clear  water  is  still  running.  The  concentrates 
go  to  tiie  first  compartment  of  the  settling  tank,  which  yields  467  pounds  of 
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concentrates  in  24  hours  (35.8  pounds  for  each  riffle  box)  assaying  $103  per 
ton. 

In  Mill  56,  below  the  amalgamated  plates  are  five  riffles  or  catch  pits  1  inch 
wide  and  1  inch  deep  running  across  the  width  of  the  apron.  The  first  con- 
sists of  the  space  between  two  beveled  cleats,  the  other  four  are  sunken  riffles  or 
depressions  cut  in  the  surface  of  the  planks.  They  are  all  filled  with  mercurv 
and  serve  to  catch  any  particles  of  rusty  gold  that  have  been  at  all  brightened. 
Following  these  are  two  collecting  sluices  each  12  feet  long,  8  inches  wide  and  6 
inches  deep,  sloping  J  inch  per  foot.    The  riffles  consist  of  1-inch  holes  in  a 


PIG.   419. — RIFFLE  SLUICE    (fBOM   BOWIE). 

board  lying  in  the  bottom  of  the  sluice.  The  holes  are  staggered  and  spaced  3i 
inches  between  centers  crosswise  and  4J  inches  between  lines  of  centers  length- 
wise. At  the  lower  end  are  four  bar  riffles  J  inch  wide  and  1  inch  deep.  Follow- 
ing these  is  the  main  sluice  200  feet  long,  12  inches  wide,  12  inches  deep,  slop- 
ing A  inch  in  12  feet,  with  riffles  in  it  made  by  placing  2X2X  1-inch  blocks  on 
edge  between  IX  1-inch  longitudinal  strips,  as  shown  in  Fig.  420.  This  con- 
struction causes  a  depositing  eddy  at  the  head  of  each  riffle  space.  The  pulp 
current  in  this  sluice  is  3  inches  deep.  Following  this  a  15-mesh  iron  wire 
screen  is  placed  horizontally  in  the  bottom  and  yields  overflow  containing  the 
larger  sand  and  the  bulk  of  the  water  tojtail  sluice,  and  the  finer  sand  to  three 
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tables  each  40  feet  long,  8  inches  wide,  sloping  s  inch  in  1  foot,  on  which  are 
laid  old  battery  screens.  The  tail  sluice  is  12  feet  long,  14  inches  wide,  8  inches 
deep,  sloping  l\  inches  per  foot.  This  is  supplied  with  Hungarian  riffle  blocks 
running  across  the  trough  (Fig.  421). 

The  mercury  riffles  following  the  amalgamated  plates  in  this  mill  are  skimmed 
several  times  a  day  for  rusty  gold.  The  mercury  is  taken  out  from  time  to  time 
and  filtered  through  chamois  skin,  the  amalgam  saved  and  the  mercury  put  back 
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FIG.    421. — ^HUNGARIAN 
RIFFLES. 
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into  the  riffles.    All  of  the  other  riffles  are  cleaned  up  periodically  and  yield 
black  sand  with  rusty  gold,  which  is  saved  as  far  as  possible  by  hand  pans. 

Bevolving  Strakes. — In  Minas  Geraes,  Brazil,  a  device  for  rapidly  discharg- 
ing riffles  is  used.*  This  consists  of  a  triangular  prism  with  equal  faces,  each 
of  which  19^  a  riffle  sluice  supplied  with  cross  riffle  bars  and  side  retaining  walls 
(see  Fig.  422).    This  prism  has  end  trunnions  of  hard  wood  upon  which  it  can 


FIG.  422. — revolving  RIFFLE  STRAKES. 

leyolve.  The  pulp  current  is  distributed  at  the  upper  end  by  a  wooden  sliding  ( ?) 
bridge,  and  running  over  the  riffles  is  discharged  at  the  lower  end.  When 
the  riffles  are  charged  with  auriferous  sulphilrets  they  are  discharged  by  revolv- 
ing the  prism  to  wash  off  the  sulphurets  and  to  bring  the  next  face  into  line,  the 
pulp  being  momentarily  shut  off  and  the  sliding  bridge  withdrawn.  The  width 
of  each  face  is  18  inches,  the  length  14^  to  18  feet.  It  slopes  1  inch  per  foot 
(4**  45').    The  riffle  bars  are  0.14  inch  high,  and  there  are  many  of  them.    Two 
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of  these  prisms  are  hung  in  one  tank  which  is  in  section  like  the  letter  W.    This 
tank,  filled  with  water,  washes  the  riffles  and  receives  the  concentrates. 

Undebcurbents. — Where  it  is  desired  to  treat  the  finer  portion  of  the  gravel 
more  quietly  than  in  the  main  sluice,  a  small  grizzly  is  placed  in  the  bottom  of 
the  sluice  and  the  water  and  fine  gravel  passing  through  this  are  treated  at  a 
gentle  speed  on  "undercurrents,'^  which  consist  of  wide  sluices  containing  riffles. 
The  undercurrent  should  be  eight  to  ten  times  the  width  of  the  main  sluice  and 
have  a  grade  of  4^  30'  to  6**  46'  (8%  to  10%). 


E.  ElEVES. 

§  612.  Kieves  are  strong  tubs  with  sides  flaring  upward,  in  which  the  sepa- 
ration is  effected  by  mechanical  agitation  in  a  deep  mass  of  thick  pulp.  Stirring 
paddles  are  used  for  preliminary  mixing,  and  hammers  or  heavy  striking  bars 

for  the  final  separation.  They  are  used  to  fin- 
ish the  concentration  of  fine  products  that  are 
nearly  rich  enough  to  ship.  In  Mill  46  they 
deal  with  grains  up  to  0.05  inch  (1.27  mm.)  in 
diameter,  in  Mill  47  with  grains  0.053 
inch  (1.36  mm.)  in  diameter.  They  can 
be  used  on  products  of  the  fineness  of 
slime  table  heads,  but  with  much  finer 
products  the  process  becomes  tedious,  be- 
cause of  the  long  time  required  for 
settling. 

The  kieve  has  a  shaft  with  a  crank  for  re- 
volving it  by  hand  in  a  movable  top  bearing, 
and  in  a  step  at  the  bottom.  On  the  shaft  is  a 
pair  of  paddles  of  the  form  of  propeller  blades, 
which  tend  to  lift  the  pulp  and  stir  it  thor- 
oughly. The  operation  is  as  follows: 
Water  is  run  in  by  a  hose  up  to  a  mark,  found  by  trial.  One  or  two  men 
revolve  the  paddle  about  fifty  times  per  minute,  while  another  shovels  in  the  ore, 
which  is  moist.  When  the  required  amount  is  charged,  the  shaft  is  kept  revolv- 
ing for  a  minute  or  two  to  thoroughly  liquify  the  pulp.  Then  the  top  support 
and  the  shaft  are  auickly  lifted  out  and  a  bent  pounding  bar  (at  Mill  47,  1} 
inches  diameter,  7  leet  long),  standing  in  a  wooden  step  in  the  floor,  is  made  to 
deal  repeated  shocks  to  the  sides  of  the  kieve,  perhaps  fifty  blows  per  minute. 
The  blows  are  received  upon  a  plate  14X3Xi  inch  (Mill  47)  screwed  to  the  side 
of  the  kieve.  The  pounding  bar  is  so  bent  as  to  strike  the  kieve  a  little  above 
the  middle.  The  pounding  is  kept  up  until  the  particles  have  settled  themselves 
into  a  compact  deposit  at  the  bottom  (an  almost  'Tiard  pan")  with  the  quartz 
grains  largely  at  the  top  and  the  ore  grains  in  layers  below.  The  water  is  now 
siphoned  off  and  the  layers  are  skimmed  out  with  a  shovel.  The  layers  are 
roughly  as  indicated  in  Fig.  423. 
The  concentration  occurs  partly  during  the  stirring,  but  an  important  part 
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takes  place  daring  the  pounding.  ^  While  the  water  from  below  passes  upward 
among  the  grains^  the  fine,  high  specific  gravity  grains  settle  below  the  coarser, 
lower  specinc  gravity  grains,  according  to  a  ratio  which  is  probably  that  of 
hindered  settling.     Some  details  of  kieves  are  given  in  Table  329a. 

In  Cornwall,  both  the  paddles  and  the  pounding  bar  are  sometimes  driven  by 
power,  as  in  the  kieve  described  by  Teague,  the  dimensions  of  which  are  given  in 
Table  329a. 

In  Mill  47  two  kieves  are  used,  fed  respectively  with  the  two  products  of  the 
tye  (see  §507),  the  tye  itself  being  fed  with  certain  of  the  hutch  products  of 
the  finishing  jigs  or  with  the  slime  table  concentrates.  The  coarse,  poorer  por- 
tions from  the  tye,  treated  in  No.  2  kieve,  yields:  (1)  tops,  returned  to  slime 
table;  (2)  middlings,  re-treated  in  the  same  kieve;  (3)  bottoms,  to  first 
treatment  in  No.  1  kieve.  The  fine,  richer  portion  from  the  tye,  treated  in  No. 
1  kieve  (first  treatment),  yields:  (1)  tops,  returned  to  slime  table;  (2)  mid- 
dlings, returned  to  same  kieve  (first  treatment) ;  (3)  bottoms,  returned  to  same 
kieve  (second  treatment).  These  last  bottoms  yield,  on  second  treatment:  (1) 
tops,  returned  to  slime  table;  ^2)  middlings,  returned  to  same  kieve  (second 
treatment)  ;  (3)  bottoms,  barrelled  and  shipped  to  smelter.  Three  men  work 
up  one  charge  in  an  hour,  operating  the  tye  at  the  same  time.  In  Mill  46,  slime 
table  concentrates  and  hutch  products  of  the  finishing  jigs  are  treated  in  a  kieve 
without  first  using  a  tye. 

Continuous  Kieve. — A  deep,  cylindrical  tub,  with  the  revolving  kieve  paddles, 
has  been  used  for  treating  larger  quantities  than  is  possible  with  an  intermittent 
kieve.  It  must  be  fed  at  a  point  about  half  or  two-thirds  the  way  up  from  the 
bottom  to  the  top  by  a  central  hopper  and  tube.  The  overflow  can  be  discharged 
all  around  the  top  and  caught  in  a  circular  launder.  The  action  is  less  perfect 
than  that  of  the  intermittent  kieve,  as  the  hammering  is  omitted.  It  probablv 
ranks  as  a  classifier  working  under  hindered  settling  conditions,  and  using  much 
less  water  than  any  other  form.  It  yields  a  continuous  overfiow,  and  either  a 
continuous  spigot  product  or  an  intermittent  one  as  desired.  The  apparatus 
might  serve  as  the  nrst  settling  tank  in  the  Austrian  graphite  mill  (§  784).  This 
is  suggested  merely  to  indicate  the  line  of  work  the  author  believes  the  apparatus 
to  be  suitable  for. 
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CHAPTER  XVII. 

AMALGAMATION. 

The  properties  of  mercury,  which  enable  it  to  form  alloys  with  gold  and  silver, 
are  made  use  of  in  milling  for  the  extraction  of  those  metals  from  their  ores. 

§  613.  Propebties  of  Mercury. — Mercury  freezes  at  39**  F.  below  zero.  It 
vaporizes  to  a  very  slight  degree  at  ordinary  temperatures,  more  rapidly  at  100**  F. 
and  at  212**  F.  sufficiently  to  salivate  an  incautious  workman.  It  boils  at  680**  F. 
Its  specific  gravity  is  13.6.  Its  capillarity  is  negative  except  to  those  metals  with 
which  it  easily  amalgamates.  To  these,  when  their  surfaces  and  that  of  the  mer- 
cury are  clean,  it  is  positive,  that  is,  it  "wets"  them.  It  is  not  aflfected,  when  pure, 
by  air,  but,  when  impure,  oxidation  of  the  other  metals  forming  the  impurities 
takes  place  on  the  surface,  and  the  oxides  formed  are  absorbed  by  the  mercury. 
Mercury  and  all  its  salts  are  violent  poisons.  Raw  white  of  egg  or  potassium 
iodide  is  the  best  antidote.  Strong  nitric  or  sulphuric  acids  attack  mercury; 
hydrochloric  acid,  dilute  sulphuric  or  pure  dilute  nitric  attack  it  little  or  not  at 
all ;  dilute  nitric  acid  containing  nitrous  acid  readily  attacks  it  however.  ^ 

§  514.  Amalgams. — If  a  grain  of  clean  metal,  for  example,  gold,  comes  in  con- 
tact with  clean  mercury,  according  to  its  thickness  the  particle  becomes  either 
entirely  combined  or  superficially  coated  with  mefcury,  and  if  two  such  particles 
come  in  contact  with  each  other  they  are  loosely  cemented  or  soldered  together. 
Such  aggregations,  which  are  alloys  of  the  metals  with  mercury,  are  called 
amalgams. 

If  a  metallic  compound  that  can  be  chemically  decomposed  by  mercury,  for 
example,  cerargyrite  (chloride  of  silver)  or  argentite  (sulphide  of  silver) 
comes  in  contact  with  mercury  under  conditions  favoring  the  reaction,  a  por- 
tion of  the  mercury  seizes  the  chlorine  or  sulphur,  forming  chloride  or  sulphide 
of  mercury,  and  the  remainder  seizes  upon  the  silver  as  it  is  set  free,  forming 
an  amalgam  of  mercury  and  silver. 

Mercury  unites  also  readily  with  copper,  lead,  tin,  cadmium,  zinc,  bismuth, 
sodium,  potassium  and  some  of  the  rare  metals.  The  affinity  of  mercury  for 
the  various  metals  with  which  it  unites  to  form  amalgams,  increases  with  the 
temperature.  In  the  case  of  arsenic  and  antimony,  heat  is  necessary  for  their 
amalgams  to  form,  and  with  that  of  the  latter  the  antimony  gradually  sepa- 
rates out  again  as  a  black  powder  on  cooling.  By  using  a  voltaic  couple,  with 
a  dilute  acid  and  with  mercury  as  the  negative  electrode,  it  unites  with  nickel, 
cobalt,  manganese,  iron,  chromium,  aluminum  and  platinum.  Mercury  forms 
an  amalgam  with  the  above  metals  when  their  salts  are  treated  by  electrolysis 
with  mercury  as  the  negative  electrode.  Sodium  amalgam  will  decompose  most 
of  the  salts  of  the  metals  yielding  amalgam  of  mercury  and  the  metal  derived 
from  the  salt.     Mercury  forms  a  triple  compound  with  sulphur  and  arsenic. 

As  sodium  amalgam  is  used  to  some  extent  in  mills  its  preparation  is  of  spe- 
cial interest.  For  preparing  it,  clean,  dry  mercury  is  used  from  which  all 
moisture  has  been  removed  by  blotting  paper.  It  is  heated  gently  and  pieces 
of  sodium,  about  the  size  of  a  pea,  are  added  one  at  a  time,  waiting  for  the  re- 
action after  each  addition,  until  an  amalgam  of  the  consistency  of  soft  putty 
is  obtained.  This  amalgam  decomposes  unless  kept  dry  and  out  of  contact  with 
the  air.  It  keeps  best  when  covered  with  naphtha  and  put  into  tightly  stop- 
pered bottles. 
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In  milling,  three  amalgams  of  gold  may  be  considered.  The  first  is  liquid, 
which  appears  like  mercury,  and  is  commonly  considered  to  be  a  saturated  solu- 
tion of  solid  gold  amalgam  in  mercury.  When  filtered  through  chamois  skin 
it  contains  about  0.1%  gold  at  60**  F.  The  quantity  contained  will  increase 
with  the  temperature.  On  standing  several  months,  at  about  68**  F.,  crystals 
of  amalgam  will  crystallize  from  this,  leaving  a  solution  with  only  0.0683% 
gold.  Even  this,  when  filtered  through  boxwood,  is  reduced  to  0.0601%,  which 
figure  probably  represents  the  amount  of  gold  held  in  permanent  solution 
at  68**  F.  The  second  is  solid.  The  gold  in  it  is  combined  in  some  definite 
chemical  proportion  with  mercury,  and  has  a  definite  crystalline  form.  Native 
amalgam  of  California  ranges  from  39.02  to  41.63%  gold,  corresponding  to 
the  s]rmbol  Au,  Hg,.  A  number  of  other  solid  amalgams  have  been  made  but 
the  one  just  mentioned  is  probably  that  made  in  the  mills.  The  third  is  nuggets 
of  gold  superficially  coated  and  cemented  together  with  the  first  and  second 
amalgams.  By  straining  mill  amalgam  through  chamois  skin,  one  gets  No.  1 
amalgam  in  the  liquid  which  goes  through,  and  a  residue,  which  approximates 
to  No.  2  amalgam,  according  as  No.  1  and  No.  3  are  absent  from  it.  If  No. 
1  is  present  in  excess  it  will  soften  the  amalgam  and  diminish  the  per  cent. 
of  gold ;  if  No.  3  is  present  it  may  greatly  increase  the  per  cent,  of  gold. 

Silver  amalgams  may  be  divided  into  three  classes  in  the  same  way  as  gold. 
The  solid  native  silver  amalgams  vary  from  Agj  Hgg,  containing  26.25%  silver, 
to  Ag,o  Hgj,  containing  64.2%  silver.  The  presence  of  unpenetrated  silver 
nuggets  in  mill  amalgam  is  rare  since  the  amalgam  is  generally  formed  by 
chemical  reaction  with  some  compound  of  silver  rather  than  with  native  silver. 

For  further  information  on  gold  and  silver  amalgams,  the  reader  is  referred 
to  the  very  complete  treatment  given  the  subject  by  Louis.*® 

§  515.  Apparatus  Used  for  Amalgamation. — For  amalgamation  or  sepa- 
rating the  precious  metals  from  their  ores  by  mercury,  the  foUowing  devices  are 
used: — 

Stamp  mill. 

Arrastra,  Huntington  or  other  crushing  mills. 

Amalgamating  pan. 

Inside  plates,  that  is,  amalgamated  plates  inside  the  stamp  mortar  or  other 

crushing  mill. 
Outside  plates. 
Mercury  wells  and  traps. 

Mechanical  amalgamators  which  do  not  combine  crushing  with  amalgama- 
tion. 
For  treating  and  partially  refining  the  amalgamated  products  of  the  preced- 
ing apparatus  there  are  the  following  devices: 
Clean  up  pan. 
Clean  up  barrel. 
While  both  gold  and  silver  are  caught  by  all  these,  the  amalgamating  pan  is 
used  where  silver  preponderates  in  the  ore  and  the  others  where  gold.     The 
first  four  and  the  last  two  combine  crushing  with  amalgamation  and  have  al- 
ready been  described  under  the  various  headings.    It  now  remains  in  this  chap- 
ter to  take  up  &e  other  three. 

Outside  Amalgamated  PLATEa 

§  516.  PrinoipI'E  op  Action. — These  are  generally  copper  plates  coated  with  an 
amalgam.  They  are  set  at  an  angle  so  that  the  pulp  fed  at  the  upper  end  flows 
down  over  them  by  gravity.     During  its  passage  the  constantly  recurring  waves 
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and  the  drops  which  the  pulp  makes  upon  the  head  of  the  plates  bring  the  free 
gold  into  contact  with  the  surface  so  that  it  becomes  amalgamated  and  adheres 
firmly  to  the  plate,  while  the  sand  and  sulphides  are  carried  forward  by  the 
water.  Mercury  has  to  be  supplied  from  time  to  time  to  keep  the  amalgam  on 
the  surface  of  Uie  right  degree  of  hardness,  and  it  is  scraped  off  and  the  gold 
saved  at  stated  intervals. 

§  517.  Tables  fob  Suppobtino  Plates. — ^These  should  be  so  constructed  that 
the  slope  may  be  readily  adjusted  and  at  the  same  time  be  firm  and  rigid  enough 
to  remain  constant  in  any  position.  This  is  to  prevent  any  unevenness  in  the 
flow  of  the  pulp,  and  thereby  avbid  danger  of  loss  which  occurs  when  portions 
of  a  plate  are  alternately  wet  and  dry.  A  few  of  the  designs  used  by  the  mills 
will  be  given. 

Two  tables,  standing  upon  independent  sets  of  legs  and  with  independent  ad- 
justing wedges,  are  used  for  each  battery  in  Mills  65,  73  and  74,  which  have 
two  long  plates  side  by  side,  each  2  feet  wide.  Before  putting  on  the  plates^ 
the  tables  are  dressed  down  -^  inch  in  the  center  for  the  full  length,  causing 
a  slight  depression  in  the  center  of  the  plate,  and,  in  consequence,  the  center 
of  the  wave  to  be  in  advance  of  its  ends.  If  the  tables  are  not  dressed  as  de- 
scribed but  are  left  flat  the  pulp  will  not  run  so  evenly  but  will  tend  to  one 
dde  or  the  other. 

Tables  mounted  upon  wheels  running  on  a  track  are  used  in  Mill  63.  They 
are  wheeled  forward  a  short  distance  at  the  time  of  the  clean  up.  Preston** 
states  that  in  some  mills  only  the  upper  section  of  the  tables  is  movable,  while 
the  remainder  is  stationary. 

At  Mill  67,  which  is  similar  to  the  Oldham  mill,  (see  Fig.  424),  the  plates 
are  laid  upon  tables  made  of  the  best  selected  clear  pine  2  inches  thick  with 
three  cleats,  3X6  inches,  fastened  underneath,  one  at  each  end  and  one  in  the 
middle.  There  are  three  transverse  rods  of  ^-inch  round  iron  passing  through 
the  planks  and  holding  them  tightly  together.  These  tables  rest  upon  two  string- 
ers of  3  X  5-inch  scantlmg  and  are  kept  from  sliding  downward  by  a  cleat  nailed  to 
the  stringer.  These  stringers  lie  loose  in  notches  or  gains  cut  in  standards  and  a 
hard-wood  pin  keeps  each  stringer  from  sliding  downward  but  admits  of  sufficient 
freedom  to  raise  the  lower  end  as  required.  The  standards  are  nailed  to  the  floor 
and  have  no  connection  with  the  mortar  blocks,  nor  has  the  floor,  a  coarse  saw-cut 
ijeparating  the  boards  of  the  floor  from  the  blocks.  At  the  lower  standard  a  hard- 
wood wedge  is  inserted  under  each  stringer  which  wedge  has  a  slot  cut  in  the 
middle,  through  which  a  bolt  with  a  thumb  nut  is  run.  The  slope  is  adjusted 
by  this  wedge  and  kept  in  any  position  by  means  of  the  thumb  nut. 

Mill  64  (see  Figs.  425a  and  425&)  has  tables  built  of  2-inch  planks  in  steps, 
causing  drops  from  one  plate  to  the  next  In  a  total  length  of  plate  of  23  feet 
9  inches,  there  is  one  drop  from  the  mortar,  two  from  mercury  traps  and  five 
drops  of  2  inches  each  from  steps  in  the  plank  table.  The  sides  are  of  IJ-inch 
plank,  varying  from  3^  to  5^  inches  in  height.  The  various  sections  are  made 
overlapping  and  there  are  cross  bars  at  each  joint.  The  under  side  of  the  table 
is  only  17  inches  above  the  floor  at  the  head  and  6  inches  at  the  foot,  and  it 
rests  upon  five  cross  timbers  spaced  at  various  intervals,  which  are  supported 
by  short  posts. 

At  Mills  68  and  82  the  tables  for  the  plates  are  made  of  good  clear  lumber. 
The  sides  are  made  of  2-inch  stufif.  The  bottom  is  tight,  consisting  of  cross 
boards  \\  inch  thick,  which  are  mortised  to  the  sides  and  further  held  by  three 
Hiich  transverse  rods  of  iron.  In  addition  to  this,  in  order  to  hold  the  bot- 
tom in  shape  and  prevent  warping,  three  longitudinal  6-inch  strips  are  fastened 
to  the  bottom  by  dovetailing.  Tnese  strips  also  answer  the  purpose  of  saving 
the  table  when  wedging  it,  that  is,  wedges  used  at  the  head  or  foot  are  always 
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placed  so  as  to  bear  against  these  strips.  The  table  is  well  painted  and  put  to- 
gether with  screws.  The  plate  is  simply  laid  upon  the  table,  fitting  in  a  groove 
on  either  side,  about  room  enough  being  allowed  for  a  sliding  fit.  The  sides  of 
the  table,  just  above  the  plate,  are  caulked  with  oakum  and  two  cleats  fastened 
on,  one  on  each  side.  The  cleats  rest  solid  on  the  plate  and  are  made  wedge- 
shaped,  tapering  from  3J  inches  at  the  bottom  to  nothing  at  the  top  and  ex- 
tending the  whole  height  of  the  side,  which  is  6  inches.  The  upper  end  of  the 
table  extends  back  about  2  inches  under  the  mortar  lip  and  it  is  wedged  tight, 
the  wedges  being  driven  from  under  the  table,  forcing  it  up  against  the  mortar 
lip.  The  lower  end  of  the  table  is  supported  upon  a  strong  wooden  sawhorse, 
which  is  securely  fastened  to  the  floor.  Wedges  on  top  of  Siis  horse  serve  for 
leveling  the  table  and  adjusting  the  slope. 

In  Mill  86  the  table  is  hung  on  stirrups,  to  be  adjustable  for  different  ores 
(see  Fig.  426).  Louis*"  finds  that  the  upper  ends  of  tables  are  sometimes  hung 
on  rods,  independent  of  the  floor  and  of  the  stamp  mill,  to  prevent  jarring. 

Johfi  Hays  Hammond*®  recommends  cast  iron  tables  for  supporting,  the  amal- 
gamated plate.  A  table  of  this  kind,  used  in  Mill  67  for  the  newer  plates,  is 
shown  in  Fig.  427. 

In  regard  to  the  advisability  of  connecting  the  table  with  the  mortar  or  the 
stamp  frame,  opinions  differ.  The  advocates  for  connection  are  Rickard", 
Mills  68  and  82,  and  the  Haile  Gold  Mine."  The  claim  is  that  the  jar  ob- 
tained assists  the  settling  of  the  gold  and  is  beneficial  to  amalgamation.  The 
opponents  are  Hammond  and  Preston  of  California,  Furman  of  )3olorado, 
Hardman  of  Nova  Scotia,  and  Louis,  all  of  whom  claim  that  the  jar  is  injuri* 
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PIG.  428. — FASTENER   AT    MILL  67. 


0118^  probably  tending  to  form  hard  amalgam.  At  the  trial  of  a  large  steam 
stamp  at  Mill  66,  (see  §  122),  the  jar  was  enough  to  cause  amalgam  to  ball  up 
on  the  plates  and  mercury  to  exude  and  run  away.  The  weight  of  the  evi- 
dence appears  to  be  against  the  use  of  vibration  on  plates. 

Extending  across  the  head  of  the  table  over  the  plate,  there  is  generally  a  foot 
board  on  which  the  attendant  may  walk  or  stand  in  looking  after  the  mortar. 

§  518.  Fastening  the  Plates  to  the  Tables. — ^Plates  as  they  come  to  the 
mill  are  rarely  over  8  or  10  feet  long,  so  that  in  almost  all  of  the  mills  the  amalga- 
mated plates  are  made  up  of  sections,  which  are  laid  either  overlapping  or  with 
butt  joints.  In  the  latter  case  they  are  sometimes  brazed  together  in  one  sheet. 
The  method  of  fastening  down  the  plates  at  Mills  68  and  82  has  already  been 
given.  Mill  67  fasteiis  the  lower  edge  of  the  plate  by  a  lapping  iron  strip,  (see 
Fig.  428). 

At  Mills  66,  69,  73  and  74  blankets  are  placed  between  the  plates  and  the 
tables.  The  sections  are  laid  with  butt  joints.  On  each  side  of  a  joint  is  a  row 
of  screws  fastening  the  plates  to  the  table,  and  there  are  also  cleats  at  the  sides. 
Copper  screws  are  best  for  this  work,  being  of  the  same  character  as  the  plates; 
brass  becomes  brittle,  while  iron  causes  galvanic  action  which  enlarges  the  holes. 
Several  authorities  advise  not  using  screws  at  all,  but  to  have  the  sections  of 
the  plate  overlap  and  fasten  them  down  by  buttons  or  wedges  at  the  sides  so  that 
they  are  easily  removable. 
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§  519.  Position  of  Plates  in  the  Mills. — In  American  mills  outside  plates 
are  almost  universally  placed  just  following  stamps  or  other  fine  crushing  appa- 
ratus^ and  preceding  concentrators.  Mill  86  formerly  used  plates  after  vanner 
and  Gilpin  County  bumping  table,  but  they  are  now  given  up,  having  been 
found  useless.  In  Australian  mills  there  is  considerable  variation  in  the  posi- 
tion of  the  outside  plates,  as  may  be  seen  by  reference  to  Rickard."  In  tiie  ma- 
jority of  cases,  however,  they  follow  directly  after  stamps. 


TABLE  330. — ^amalgamated  PLATES. 
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Apron  plate 

Next  follows  No.  1  mercury  trap. 
iNalrioloeiilatMU). 


15     0 

(w)  58    .... 

..     66.00 

0     6 

48     .... 

1.66 

8     0 

66J1H6.... 

8.46 

16 
15 


\ 


6 


ll'fiSI::::::! 

0|       48    I I    64.00  I    IH  I    7     8  I     16       |. 


J) 


re  No.  8  mercury  traps  on  their  distributors. 

I I I I I I I 


1 
4-7 

1 


6     0   Eacb2S 90.64 


Next  follows  No.  9  niercury  trap. 

INo.  2  sluice  plates  (*) IJ 

Uo.  8  sluice  plate I I    « 

Next  follows  No.  8  mercury  trap. 
CslApronplate |sflTer plated. .. |   0   11  |  (u>48  |    A 


lEachlS] I    80.00  I 

80-18    6.48 


8.67 


IK  I    8   18|Bach7.5|     1 

IH  I    7     8  1  Each 

l»l    7     8  I     15 


1 

I9i 


Next  comes  a  distributor  with  two  spouts,  one  for  each  sluice  plate«  and  the  pulp  then 
back  deflectors  with  plates  on  them. 


paans  otst  two 
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LooatloB  of  Plate. 


Kind  of  Plate. 


Length 
Ft.  In. 


Width. 


Area 

of 
PUte. 
Sq.Ft 


Slope. 


if 


Water 


Oier 
Plate 

M^utoL 
GaUons. 


es  Two  parallel  aluice  plates.  Silyer  plated...    81     0  Each  94     A        84.00      IM      6   96 

Next  follows  No.  1  mercury  trap.    There  are  plates  after  the  clean  up  barrel  similar  to  Mill  7S. 
66  lApron plate IPlainoopper...!  10     0  1       64    I    A    i    46.00  1    8     I    0    28  I      16.85 

lOopper-lined  trough | | | | | | | |      le.gs 

Next  follows  No.  1  mercury  trap,  lined  with  copper. 

|Bluiceplate | JS-IO   0  ' 

Next  f oUowB  No.  8  mercury  ttvp, 
07  I                    (0                    IPlainoopper  ...I    0     81       ^    \    \i         8.89|9^|8S5|a8 
,     (»)  " 64        (2         8.86    ...V:.      (m)  88 

lApron  plate  (n) |  "  ...   10     0         64        ^       ^-00      l^i      8   18        88 


16.25 


Next  follow  Nob.  1  and  8  mercury  traps  and  in  the  taU  launder  is  No.  8  tr^>. 


70 


On  mortar  Up. 

Apron  plate. . . .  - 

Copper-lined  launder. . . , 
Ou  Tanner  distributors. . 
Apron  plates. . 


SUver  plated.. 


Silver  plated.. 


68 
68 


48 
68 


^ 


8.86 
84.67 


6.88 
84.67 


^ 


11    46 


9   80 


10 
10 
10 


%4 
8 


71  [On  splash  board tsaver  plated... I I I I I 

OnmortarUp ♦«^         ...     0     7*        48     8.60 

Upronplate •'  ...     8     6         46     9.86 


Next  follows  No.  1  mercury  trap. 

'i'.«i"6"*46i"*i6* '  i  % 

Next  follows  No.  1  mercury  trap  and  two  steps  corered  with  rubber,  the  later  one  of  which  baa  No  8 
mercury  trap  in  it. 

10     0|Eachl6l I    86.00  1    1.6  1    7   SOIEach?^       H 

8     0|        80^1 1    18.67  I    1.6  1    7    80  |  16    |      0 

Next  follows  No.  8  mercury  trap  and  before  the  vanners  are  No.  4  traps. 


ITwo  par.  No.  1  sluice  plateslSilTer  plated. . 
|No.  Ssluice  pUte I  •' 


78  On  mortar  lip . 


Plain  copper... 16.85^84  5 


Next  follows  a  collector,  a  pipe,  and  No.  1  and  No.  8  mercury  trape. 
Apron  plate , 


rtra] 


Plain  copper... I  10     0|       48    |    ^    |    40.00  |    1.8 

Next  follow  Nos.  8, 4  and  6  mercuiy  traps. 

I  \i  |;.';;;;'.!;;'.;!'.!!|  8  el    i8  |!;!;::|  8;6o 

There  are  Nos.  6, 7  and  8  mercury  traps  hi  the  taU  launder  of  the  miU. 
78  lon  mortar  lip I  Wooden  board.!    1     ol I    1     I 


6    10 


16.85  I 


(fl) 


I::::::::|:::::::::|: 


Then  follows  a  distributor  with  two  spouts,  one  for  each  apron  plate,  and  the  pulp  next  paasea  otw  two 
back  deflectors,  with  plates  on  them  6  inches  long.       »'       *'       '  **   »'  *«««iWTw«ro 


|Twopar.No.lBlulceplatee.|8UTerpIated...|  88     o|Each84|    A    I    88.00  I    8     I    9   86  I 


Next  follows  No.  1  and  No.  8  mercury  traps. 


•I  • 

•I    > 


74 


No.  8  sluice  plate. 

On  Tanner  dbtributors. . 


On  mortar  lip. , 


SilTer  plated.. 
silTer  plated!!! 

u 

Wooden  board. 


8 

1 

18 
16 

;u)o 


18 

48 
18 
18 

(i*)48 
(ii)48 


8.00 

8 

9    88 

6.00 

18.00 

3. 

7     8 
7     8 
it) 

15.00 

8.00 

7 

4.00 

1 

Next  follows  a  distributor  with  two  spouts,  one  for  each  apron  plate,  and  the  pulp  next 
back  deflectors  with  plates  on  them. 

|rwo  parallel  sluice  plates..  |silTerpUted...  I  81     6  [Each24|    ^    I    86.00  I    8     I    ^   ^^  I 


Next  comes  a  transTerse  collector,  and  there  is  No.  1  mercury  trap  beforo  the 
on  the  Tanners  and  after  the  clean  up  barrel,  shnllar  to  lull  78: 


Tanners.    There  are  plat«e 


75  f  Apron  plate. I I    8 

ISIuioe  plate | |  le 

Next  follows  No.  1  mercury  trap. 

78  lOn  splash  board I I    o 

jOn  mortar  lip | |    o 

Next  follows  a  back  deflector  of  wood. 

Ilirstapron  plate I I   8 

Next  f  oUowB  No.  1  mercury  trap. 

Seoondapron  plate | I   0 

Next  follows  a  back  deflector  of  wood. 


66    I I    10.60  I 

im I    19.88  I 


68 


8.89  I 
1.81 


18      I 


10 
10 


46     Oi 


18.00      1^     10   87 


1.81 
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TABLE  330. — AMALGAMATED  PLATES. — Concludcd. 


Looatton  of  Plate. 


Kind  of  PUte. 


Plain  copper. . 


Length 
FtTln. 


8     0 
IS     0 


Width. 
Inches. 


I  apron 
77  i  Apron  plate, 

|On  bed  ot  No.  1  bump  table. 

Next  follows  No.  1  mercury  trap. 
88  jApronplates [Silver plated... |(v) 8    0  1 

|On  Tanner  distributors....)  *^  ...\    1     4| 

tfi  First  comes  a  distributor. 

JApron  plate IsilTer  plated... |(v) 8   0  I 

85  Next  follows  No.  1  mercury  trap. 

lApron  plate I SilTer plated...!    8     ol 

Next  follows  No.  1  mercury  trap. 

86  I  After  No.  5  trommel jSilTer  plated. . .  |(to)lS  0 

Next  follows  No.  1  mercury  trap. 

87  tApron  plates ISilver  plated. 

88  lApron  plates  I  *« 


56 
48 


r 


Area 

of 
Plate. 
Sq.  Ft. 


87.88 
48.00 


Slope. 


n 


2      I    9    S8 
1«      8    18 


Water 

Passing 

Over 

Plate 

per 

Minute. 

Gallons. 


88.88  1    8 
5.88    .... 


9    88  1 

64    I I    86.00  I    IK  I    8    18  I 

62    I    H    I    84.07  I    8     I    9   80  I 
48    I    M    I    48.00 1    9     I    9   98  I 


10 
10 


as^o 


H 


8     0|        64    I I    86.00  1    i^llO    86  1 | 

Next  follows  No.  1  mercury  trap,  and  on  two  batteries  No.  2  trap. 

(a)  This  mill  has  double  discharge  and  plates  in  the  front  and  rear  of  the  mortar,    (b)  Splash  from  screen* 
^'    "     '        *      •         -  (d)  These  two  plates  follow  the  apron  plate  in 


(c)  This  is  the  only  plate  after  the  apron  plate  in  two  batteries. 

six  batteries,    (e)  46  inches  on  four  oatteries,  29  inches  on  four  batteries, 
the  end.    (g)  This  is  narrowed  to  18  inches  at  the  end. 


(/)  This  is  narrowed  to  84  inches  at 
{h)  These  plates  are  divided  lengthwise  down  thejoen- 


ter  and  rest  in  two  boxes,  which  are  removable  and  are  taken  up  when  the  plates  are  cleaned.  (OMade  in 
three  sections.  The  last  section  is  Brussels  carpet.  A  strip  of  wood  is  laid  down  the  center.  {J)  These  are 
two  parallel  plates,  each  in  three  divisions,  the  last  one  of  which  narrows  to  16  inches  (see  Fig  425rO-  (*)  These 
are  two  parallel  plates,  each  in  three  divisions  (see  Fig.  426a).  (1)  This  is  between  the  screen  and  the  mortar 
Up  (see  Fig.  489).  (m)  This  is  a  back-deflecting  quadrant  plate,  being  a  quadrant  of  a  cylinder  with  6-inch 
"•      '        "  (n)  The  upper  end  of  the  apron  plate  is  turned  up  one  inch  under  the  mortar  lip,  but 


radius  (see  Fig.  429)     , 

does  not  come  m  contact  with  it. 


(o) 


inches  from  screen;  194  inches  from  splash  board,    (p)  Seven  bat- 
'  drop.    (9)  Oat  the  start;  V6  inch  at  middle.    C^)  Fim jitot^^tef 


teiies  have  S-inch  drop  and  one  has  6-ii- ^.    ^„ ,  ,„ 

dean  up  barrel.  ^  («)  Siaoond  plate  after  dean  up  barrel.    (I)  This  is  between  the  screen  and  mortar  lip  and  is  a 


curved  convex  plate  in  the  form  of  a  quadrant  of  a  cylinder, 
tiooa  oC  4  feet  each,    (w)  Divided  into  two  sections. 


(tt)  Approximately,    (v)  Divided  into  two  sec- 


The  location  of  outside  plates,  together  with  their  dimensions,  and  the  points 
at  which  they  are  interrupted,  is  shown  in  Table  330.  For  the  corresponding 
inside  plates  the  reader  is  referred  to  §  161,  and  for  the  traps  to  §  646  et  seq. 
With  a  few  exceptions  they  all  come  under  one  of  the  following  heads: 

(a)  Splash  plates  or  plates  on  the  splash  board. 

(6)  Lip  plates  or  plates  on  the  mortar  lips  or  mortar  aprons. 

(c)  Apron  plates  or  the  wide  plates  that  are  disconnected  with  the  mortar. 

(d)  Sluice  plates  which  are  narrow  plates  usually  following  the  apron  plates. 

(e)  Shaking  plates  including  plates  on  the  vanner  distributors. 

Splash  plates  were  found  in  only  five  out  of  27  mills.  The  catching  of  gold, 
especially  if  fine,  on  them,  is  favored  by  the  fact  that  the  pulp  impinges  upon 
them.  Their  width  is  such  as  to  extend  across  the  mortar.  Their  length,  how- 
ever, is  short,  only  from  8  to  14  inches.  According  to  Adams^,  the  importance 
of  a  splash  plate  as  a  gold  catcher  is  underestimated.  He  recommends  that  it 
be  Etipported  upon  the  table  and  not  on  the  mortar;  that  the  slope  be  over  46° ; 
that  the  bottom  be  at  least  an  inch  below  the  bottom  of  the  screen  and  the  space 
at  the  bottom  between  it  and  the  screen  frame  be  not  over  f  inch  in  order  that 
it  shall  receive  all  the  splash. 

Lip  plates  were  found  in  12  out  of  27  mills.  It  is  on  these  that  the  greater 
part  of  the  pulp  falls  from  the  screen,  and  consequently  more  gold  is  caught 
here  than  on  an  equal  length  of  any  of  the  following  plates.  Their  length  is 
necessarily  short,  3  to  18  inches,  while  their  width  is  the  length  of  the  mortar. 
In  Mill  74  it  will  be  noticed  that  the  pulp  from  the  screen,  before  it  reaches  the 
lip,  first  falls  over  a  plate  about  6  inches  long  bent  in  the  form  of  a  quadrant 
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of  a  cylinder  with  its  convex  side  up.  In  Mill  67  the  mortar  lip  is  so  low  that 
the  plate  is  2  inches  below  the  lower  edge  of  the  screen  frame  being  fastened 
to  the  chuck  block  by  two  bands  of  iron  (see  Fig.  429). 

Apron  Plates, — The  term  apron  plates,  as  used  by  the  author^  will  include 
those  plates  which  come  next  to  the  mortar  and  are  of  a  width  about  equal  to 
the  length  of  the  mortar;  also  all  subsequent  plates  which  axe  no  narrower  than 
the  first  apron  plate.  Apron  plates  occur  in  all  the  mills  except  73  and  74. 
Their  length  varies  from  10  inches  in  Mill  66  to  16  feet  in  Mills  60  and  61, 
and  their  width  from  46  inches  in  Mill  71  to  56^  inches  in  Mill  64.  In  some 
mills  they  are  narrowed  at  their  lower  end  to  the  width  of  the  sluice  plates. 

Sluice  Plates. — There  is  a  looseness  in  the  use  of  the  terms  apron  plate  and 
sluice  plate,  but,  as  used  by  the  author  in  conformity  with  the  custom  in  a  ma- 
jority of  the  mills,  sluice  plates  are  those 
that  are  narrower  than  the  length  of  the 
mortar,  or  than  the  plates  preceding. 
Sluice  plates  were  found  in  11  out  of 
27  mills.  Their  length  varies  from  3  feet 
8  inches  in  Mill  64  to  22  feet  in  Mill 
73.  The  width  varies  from  12  inches  in 
Mill  73  to  48  inches  in  Miill  57.  In 
Mills  64,  65,  71,  73  and  74,  there  are  two 
sluice  plates  side  by  side,  which  axe  equiv- 
alent to  one  wide  plate.  They  enable  the 
attendant  to  run  the  whole  pulp  over  one 
while  the  other  undergoes  the  daily  dress- 
Fio.    429. — PiBST    PLATES    OB       ing  and  cleaning. 

HILL  67.  As  sluice  plates  narrow  the  stream  of 

pulp,  they  are  now  generally  condemned 
by  the  authorities.  The  mills  using  them  are  in  the  minority  and  the  tendency 
is  to  do  away  with  them.  Mill  60  is  a  new  mill,  and  has  no  sluice  plates.  MiU 
57  has  put  in  a  new  arrangement  on  two  batteries,  namely  a  very  wide  sluice 
plate  after  the  apron  plate;  the  old  arrangement,  still  used  on  six  batteries,  is 
two  sluice  plates  in  series,  the  first  of  which  is  narrow  while  the  second  is  wide. 
The  first  arrangement  does  better  work,  even  though  its  total  plate  area  is 
l^lightly  less  than  that  of  the  second. 

According  to  Rickard,  it  is  best  to  have  all  the  plates,  from  beginning  to  end, 
of  the  same  width,  which  width  should  be  slightly  greater  than  the  length  of 
the  screen  discharge.  If  much  wider,  it  is  difficult  to  get  good  distribution. 
If  narrower,  the  current  becomes  deeper  and  swifter,  more  eddies  are  formed, 
and  the  wave  effect  is  somewhat  broken;  all  of  which  have  the  ultimate  effect 
that  the  catching  of  gold  is  hindered.  The  arrangement  used  in  Mill  76  (Table 
330)  appears  to  the  author  to  be  very  satisfactory. 

Shaking  Plates. — The  old  scheme  of  using  plates  mounted  on  a  shaking  table 
was  found  only  at  the  Mayflower  mill  in  Colorado  which  used  shaking  amal- 
gamated copper  riffle  plates  supplied  with  an  electric  current.  Shaking  plates 
10  feet  long  and  48  inches  wide  were  formerly  used  at  Mill  57,  where  they  were 
said  to  save  $50.00  per  day,  after  the  sluice  plates,  but  were  given  up,  the  idea 
being  that  probably  what  they  saved  would  be  caught  by  the  vanner.  What  are 
in  effect  shaking  plates  are  made  by  putting  plates  on  the  distributors  of  the 
vanners.  "This  was  observed  in  5  out  of  27  mills  of  Table  330.  Experience 
shows  that  shaking  plates  will  save  some  gold  and  amalgam  which  has  passed 
the  stationary  plates,  the  amount  depending  upon  the  ore  and  the  manner  in 
which  it  is  treated.    This  is  due  not  only  to  the  settling  of  the  gold  directly 
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by  the  shaking  motion^  but 
also  to  the  diminished  slope 
which  is  used.  They  are 
mounted  on  suspended  or 
movable  frames^  and  may  have 
either  a  side  or  an  end  shake. 
For  the  former,  McDermott  & 
Duffield"  recommend  180  to 
200  throws  per  minute  of  1 
inch'each;  for  the  latter,  Pres- 
ton'*  gives  200  throws  per  min- 
ute of  f  inch.  Snyder**  rec- 
ommends gyrating  plates  as 
giving  better  contact  than 
cither  side  or  end  shaking 
plates.  Such  plates  were  for- 
merly used  by  the  Ottawa  Gold 
Mining^  and  Milling  Co.,  at 
Keefwatin,  Ontario,  but  were 
given  up  on  account  of  fre- 
quent breaks  and  imsatisfac- 
tory  results. 

Mill  77  uses  a  Ihin  amal- 
gamated copper  plate  on  the 
surface  of  No.  1  bumping  ta- 
ble. This  is  cleaned  every  two 
months  and  yields  1  ounce  of 
amalgam  with  a  much  higher 
proportion  of  silver  to  gold 
than  the  averaee  of  the  mill. 
This  copper  plate  lasts  only 
one  or  two  years,  but  will  more 
than  pay  for  its  renewal  when 
worn  out,  by  its  gold  and  silver 
value. 

Miscellaneous  Plates. — 
There  are  a  few  plates  in  the 
mills  which  are  not  included 
in  the  five  preceding  classes. 
Plates  are  used  in  several  mills 
after  the  clean  up  barrel, 
among  which  are  65,  72,  73 
and  74;  in  Mill  Q%  as  lining 
for  the  No.  1  mercury  trap ;  in 
Mills  66  and  68  as  lining  for 
launders;  in  Mill  67  as  a 
curved  quadrant  plate  (see 
Pig.  429),  the  first  object  of 
which  is  to  distribute  the  pulp 
on  the  apron,  but  it  is  a  saver 
of  gold  and  mercury  to  a  con- 
siderable extent;  in  Mills  62, 
65,  73  and  74  on  back  deflect- 
ors.    This   use   of   back   de- 
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flectorSy  with  plates  on  them^  shown  also  in  Fig.  43  la^  shortens  up  the  length  of  the 
table  and  makes  the  plates  compact,  but  it  lacks  simplicity. 

Swinging  plates  in  sluices  have  been  used  to  catch  float  gold.  They  are  curved 
pieces  of  amalgamated  plate  extending  the  full  width  of  the  sluice  and  suspended 
from  above  so  as  to  be  partially  submerged^  with  the  concave  side  toward  the 
coming  stream. 

§  520.  Arrangement  of  Plates. — The  arrangement  of  the  plates  with  the  dis- 
tributors and  traps  varies  greatly  in  the  mills,  from  a  simple  arrangement  con- 
sisting of  a  large  apron  plate  followed  by  a  mercury  trap,  in  Mills  60,  70,  84,  85, 
87  and  88,  to  the  more  complicated  arrangements,  such  as  Mill  62,  which  has  five 
separate  plates  with  mercury  traps  and  back  deflectors  interspersed.  The  ar- 
rangement in  Mill  67  has  already  been  shown  in  Fig.  429,  that  of  Mill  64  in  Pigs, 
425a  and  4256,  and  that  of  Mill  57  for  the  new  scheme,  in  Fig.  427.    An  arrange- 


fSMMtSiaittt^ 


FIG.  431a. — ^ELEVATION  OF  PLATES  IN  THE  GOVEE  MILL. 

Apout 


o  0  o  e  e 

FIG.  432.^LAYT0N'S  SCHEME  OF 
DROPS. 


FIG.  4316. — PLAN. 


ment  used  in  the  Cross  mill,  Colorado,  with  a  Tremain  steam  stamp,  is  shown  in 
Fig.  430,  and  another  of  the  Cover  mill,  California,  in  Figs.  431a  and  4316. 
Australian  mills,  as  a  rule,  have  their  plates  considerably  broken  up  by  mercury 
wells  and  traps. 

One  large  plate,  like  that  in  the  six  mills  cited  above,  has  the  advantage  that 
it  is  easily  cared  for,  but  it  lacks  a  very  important  aid  to  the  catching  of  amal- 
gam, viz. :  the  use  of  steps  or  drops  along  the  line  of  plates  so  that  the  pulp  falls 
upon  the  head  of  a  plate  from  a  height  of  not  over  2^  inches.  These  cause  many 
of  the  particles  of  float  gold  to  come  into  contact  with  the  surface  of  the  plate  and 
be  saved.  They  also  serve  an  additional  purpose  to  that  of  simply  catching  amal- 
gam, inasmuch  as  they  act  as  very  efficient  distributors  for  the  pulp,  so  that  the 
motion  of  the  pulp  is  that  of  regularly  recurring  waves  which  help  and  assist 
amalgamation  by  rolling  over  the  sands.    This  breaking  up  of  apron  plates  and 
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elnice  plates  into  overlappping  sections  also  allows  them,  in  many  cases,  to  be 
easily  removed  and  interchanged,  which  makes  it  easier  to  keep  the  whole  line 
of  plates  in  good  condition. 

The  amount  of  the  drop  is  very  important;  if  too  much,  the  falling  sand 
very  soon  scours  away  the  amalgam  on  the  plate,  exposing  the  red  copper  and 
completely  undoing  the  work  which  the  drop  was  intended  to  perform.  When 
the  drop  is  right,  however,  the  amalgam  will  build  up  imder  the  stream  more 
than  at  any  other  place.  As  shown  in  Table  330,  the  height  of  fall  exceeds  2^ 
inches  only  in  a  few  instances,  and  the  average  is  not  far  from  2  inches.  In 
Mill  72,  on  seven  batteries  where  the  pulp  fell  8  inches  upon  the  lip  plate  it  had 
cut  holes  entirely  through  the  copper,  while  on  one  battery,  where  the  drop  was 
only  6  inches,  the  cutting  did  not  occur.  Mill  76  has  studied  this  question  and 
advocates  that  pulp  be  never  run  over  3  feet,  or,  better,  2  feet,  without  allow- 
ing it  to  drop.  In  this  mill,  where  the  pulp  drops  |  inch  from  the  lip  to  the 
apron  plate,  the  amalgam  builds  up  ten  times  as  much  as  anywhere  else. 

A  scheme  of  drops  favored  by  Mr.  J.  E.  Clayton*®,  is  to  drop  the  pulp  upon 
the  plates  through  sheet  iron  distributors  a  punched  with  i-incn  holes  with  the 
buhr  left  on  (see  Fig.  432).  He  found  that  if  the  fall  was  too  great,  the 
streams  cut  holes,  and  if  too  small  it  built  stalagmites.  He  preferred  1^ 
inches  drop.  He  recommends  short  plates,  as  the  main  catch  takes  place  imder 
the  distributor.  Under  ordinary  conditions,  three  short  plates  were  suflScient, 
but  where  the  gold  is  fine  and  difficult  to  amalgamate  the  number  may  be  in- 
creased. 

Louis  Janin,  Jr.,*  holds  that  the  use  of  drops  is  unnecessary,  and  that  it 
is  better  to  employ  a  straight  run  of  plates  of  large  area  which  will  effect  as 
high  a  saving  as  with  the  use  of  drops. 

§  521.  Distributors  and  Collbctors. — ^The  distributors  and  collectors  used  in 
the  arrangement  of  plates  merit  a  little  attention.  As  their  name  implies, 
the  distributors  serve  first  to  distribute  the  pulp  evenly  over  the  plates.  They 
may  also  serve,  second,  as  a  means  of  cutting  out  one  side  of  a  plate  in  mills 
where  double  plates  are  used;  and,  third,  as  a  mercury  trap. 

The  distributing  arrangement  in  Mill  71  is  quite  elaborate.  The  pulp 
from  the  apron  plate  passes  through  No.  1  mercury  trap  and  then  over  two 
steps.  These  steps  are  If  and  3|  inches  high  respectively,  and  are  covered  with 
rubber.  It  then  passes  over  No.  2  mercury  trap  and  over  an  inclined  surface 
one  inch  long  to  the  sluice  plates. 

In  Mill  72  a  transverse  collecting  launder  follows  the  lip  plate.  The  pulp 
then  passes  through  a  2i-inch  pipe,  on  the  end  of  which  is  a  T,  both  branches 
of  which  deliver  into  No.  1  mercury  trap.  This  pipe  arrangement  gives  free 
access  to  the  front  of  the  mortar  for  cleaning  up. 

Mills  65,  73  and  74  have  a  transverse  trough  at  the  end  of  the  lip  plate. 
The  trough  has  two  holes  about  3  inches  diameter  in  it,  each  a  quarter  of  the 
distance  from  either  end.  Each  half  of  the  trough  drains  toward  its  hole. 
When  it  is  desired  to  clean  one  side  of  the  No.  1  sluice  plates,  one  hole  is 
plugged  and  the  pulp  all  passes  out  of  the  other.  Each  spout  delivers  over  a 
back  deflecting  plate,  about  5  inches  long  to  the  head  of  the  No.  1  sluice  plates. 
The  trough  is  11  inches  wide  in  Mill  73,  and  6  inches  wide  and  6  inches  deep 
in  Mill  65.  Mill  84  has  a  distributor  before  its  plates,  which  consists  of  a  trans- 
verse trough  48  inches  long  12  inches  wide,  with  24  holes  \  inch  diameter  in  its 
front  side  1  inch  above  the  bottom. 

Distributors,  which  also  serve  as  mercury  traps,  are  described  under  that  head. 
See  §  546  et  seq. 

The  use  of  plate  distributors  is  shown  in  Pigs.  431fl  and  431&,  where  the  pulp 
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from  the  apron  flows  over  a  trough,  and  then  over  two  distributors  of  copper 
plate  punched  with  holes  1  inch  apart  to  break  up  and  distribute  the  pulp  to  the 
sluice  plates.  Another  one,  shown  in  Fig.  437  of  the  South  Clunes  United  mill, 
consiBts  of  a  perforated  iron  plate  1  foot  wide,  ^  inch  thick  and  extending 
along  the  face  of  two  batteries.  The  holes  in  it  axe  ^  inch  diameter  and  arc 
1  inch  center  to  center,  arranged  in  squares.  It  distributes  over  the  apron  lead- 
ing to  mercury  wells. 

§  622.  Total  Dimbnsions,  Area,  and  Thiokkess  of  Platbs. — ^The  width  of 
plates  has  already  been  discussed  under  sluice  plates,  §  519. 

The  total  length  of  plates  may  be  obtained  from  Table  330.  It  is  perhaps  the 
most  important  single  dimension  to  be  considered  in  designing  plates  for  a  mill, 
but  it  would  seem  better  to  use  area  instead  of  length  as  the  basis  of  computa- 
tion. 

The  total  plate  area  of  a  mill  should  be  sufiScient  to  catch  practically  all  of 
the  free  gold.  With  an  excess  of  area  it  is  difScult  to  keep  the  last  plates  in 
good  condition,  owing  to  the  very  small  amount  of  gold  caught  upon  them.  It 
is  better  to  have  an  excess  than  an  insufiBciency,  however.  The  areas  of  the  in- 
dividual plates  given  in  Table  330  have  been  summed  up  and  the  total  plate 
area  of  each  mill  is  given  in  Table  331. 


TABLE  331 

. — ^TOTAL  AREAS  OP  OUTSIDE  PLATES. 

Mfll  No. 

Areaof  fUtes. 

HiUNa 

Area  of  Plates. 

MOlNo. 

Area  of  Plates. 

Mfll  No. 

AreaofPlatesL 

86 

Square  Feet 

j  88.16 
1  97.16 
1  74.96 
1  67.96 

69.84 

64.00 

61 

69 

68 

64 

66 

66 

W 

Square  Feet 
flB.87 
87.91 
65.004- 
67.88 

g:St: 

61.86 

68 

Squi^Feet 
84.67 

78 

Square  Feet 
66  84 

70 

77 

ssr 

07 

71 

60.48^ 
40.00 
108.00- 

98.00- 

: 

»;;!;;!!.; 

79 

84 

86  00 

66 

78 

86 

M67 

60 

74 

86 

48.00 

60 

75 

99.88         1 

88 

86.00 

1 

The  area  to  be  used  will  vary  with  the  conditions.  Where  the  gold  is  coarse, 
the  area  may  be  less  than  where  the  gold  is  fine.  Note  the  small  plate  area  in 
Mill  56,  which  treats  ore  containing  coarse  gold.  Where  inside  amalgamation 
is  practiced,  the  area  need  not  be  so  large  as  where  all  the  gold  is  caught  outside. 
Where  narrow  sluice  plates  are  used,  the  area  needs  to  be  greater  than  with 
wide  apron  plates.  Where  there  are  numierous  drops  in  the  line  of  plates,  the  area 
of  the  plates  may  be  lessened.  The  areas  shown  in  Table  331  vary  from  9.75 
square  feet  in  Mill  56  to  102  square  feet  in  Mill  73.  The  average  of  the  26  mills 
is  about  55  square  feet.  In  this  connection  it  is  well  to  keep  in  mind  the  fact 
that  there  are  certain  standard  sizes  made  in  rolling  copper  plates,  and  it  is  less 
expensive  to  arrange  to  use  plates  of  corresponding  sizes  in  the  mill  rather  than 
to  use  such  sizes  as  will  necessitate  cutting  and  waste. 

The  thickness  ^ '  plates  as  shown  in  Table  330  is  generally  |  inch.    In  Mill 

66  it  is  as  high  as  iV  inch,  and  in  Mills  65,  73  and  74  as  low  as  ^  inch.  The 
thicker  they  are  the  less  liability  there  is  of  serious  denting  from  articles  fall- 
ing on  them. 

§  523.  Slope  of  Plates. — ^The  slope  of  plates  is  a  very  important  adjustment. 
If  they  are  too  steep,  the  pulp  rushes  over  them  too  rapidly,  and  the  gold  and 
amdgam  have  less  opportunity  to  settle  and  adhere.  Furthermore,  the  amal- 
gamated  surface  will  be  scoured  off.  If  they  are  not  steep  enough,  then  sul- 
phurets  will  deposit  on  the  plate  and  reduce  its  working  area.  The  plates  should 
oe  perfectly  level  from  side  to  side.  The  slope  should  be  made  adjustable,  al- 
though this  is  seldom  done  in  the  mills ;  the  idea  being,  perhaps,  that  some  stability 
and  simplicity  are  sacrificed  by  so  doing.    By  using  a  table  similar  to  tiiat  of  Mill 

67  previously  described  (see  §  517),  it  seems  that  these  diflSculties  are  overcome. 
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As  shown  by  Table  330^  the  slope  varies  from  1  inch  per  foot  or  4""  46'  in  Mills 
56, 59  and  66,  to  %^  inches  per  foot  or  ll""  46'  in  Mill  68.  There  are  a  few  plates 
that  come  outside  of  these  limits,  but  they  are  short  plates  on  mortar  lips,  or  on 
deflectors.    According  to  Preston^^  as  low  as  \  inch  is  sometimes  used. 

The  slope  to  be  used  depends  upon  the  following  conditions,  other  things  be- 
ing equal  in  each  case.  More  slope  is  required  for  an  ore  with  a  large  amount 
of  solphurets  than  one  with  a  small  amount.  More  slope  is  required  for  a  batr 
tery  with  a  high  crushing  capacity  than  for  one  with  a  low  capacity.  An  ore 
coarsely  crush^  requires  more  slope  than  an  ore  finely  crushed.  A  wide  plate 
requires  more  slope  than  a  narrow  one,  as  the  water  is  spread  out  in  a  thmner 
layer  on  the  former  and  its  carrying  power  is  consequently  lessened.  In  chang- 
ing from  wide  to  narrow,  unless  the  slope  is  reduced  on  the  narrow  plate,  there 
will  be  a  tendency  for  it  to  be  scoured.  Mill  58  may  be  an  example  of  this, 
where  for  sluice  plates  46  inches  wide,  a  slope  of  8^  is  required,  while  for  sluice 
plates  29  inches  wide,  V  35'  is  sufficient.  This  principle  is  not  followed  by  all 
the  mills  in  the  table,  as  some  have  the  same  slope  on  both  wide  and  narrow  plates 
and  one.  Mill  71,  has  a  greater  slope  on  the  narrow  sluice  plates.  Shaking 
plates  or  plates  on  the  distnbutors  of  vanners  require  less  slope  than  fixed  plates. 
Thus  in  Mill  57  a  diaking  plate  which  was  formerly  used  had  a  slope  of  only  1^ 
inches  per  foot,  while  the  apron  plate  had  1^  inches.  A  short  plate  with  the 
pulp  falling  upon  its  head  requires  less  slope  fiian  longer  plates,  as  the  pulp  ac- 
quires a  certain  acceleration  by  its  fall  which  helps  to  carry  it^over  the  plate. 
The  greater  llie  quanti^  of  water  used,  the  less  will  be  the  slope  required.  It 
is  generally  considered  better  to  use  only  as  much  water  as  is  absolutely  nec- 
essary to  cover  the  whole  width  of  the  plate  and  make  the  pulp  sufficiently  di- 
lute, and  have  a  moderately  high  slope  corresponding,  than  to  use  a  fiood  of 
water  and  a  low  slope.  Mill  69  found  that  with  an  ore  containing  10%,  sul- 
phurets,  a  slope  of  2  inches  per  foot  was  better  than  1}  inches,  as  it  reqiiiied 
less  water  to  keep  the  plates  clear.  With  the  slope  of  If  inches  more  water  was 
used  than  was  necessary  for  the  vanners,  and  even  then  there  was  a  slight  ten- 
dency to  deposit  sulphurets. 


TABLE 


. — 8L0PB  OF  PLATES  IN  AUSTBALUN  MILLS. 


Name  o(  mn. 


Location. 


Slope  of  Plates, 
per  Foot 


Wftter  per  Bat- 


New  star  of  the  East.... 

Old  scar  o<tlie  East 

Brtttanla  United 

HarrietTllie. 

Orleotal 

OMFortniia 

9ew  For  tuna < 

Feari 

New  Cbuni  OonaoUdated. 


Ballarat 

Ovens  DIsMet 

44  44 

Bendigo 


as 
so 


«9i 


Table  332,  obtained  from  Rickard^',  shows  that  out  of  9  Australian  mills,  5 
have  a  slope  of  1  inch  or  less  per  foot  and  use  all  the  way  !from  20  to  37^  gal- 
lons of  water  per  battery  per  minute.  None  of  the  American  mills  which  have  a 
slope  of  2  inches  or  over  per  foot  in  Table  330,  use  more  than  20  gallons  of 
water  per  battery  per  minute. 

Speny^  reports  that  in  using  a  Tremain  steam  stamp  on  an  ore  containing 
a  large  proportion  of  oxides  of  iron  and  manganese,  it  was  necessary  to  use  as 
much  as  3,000  gallons  of  water  per  ton  of  ore  to  keep  the  plates  clear,  when  they 
sloped  1^  inches  per  foot.  This  was  reduced  to  1,000  or  1,200  gallons  by  in- 
creasing the  slope  of  the  plates  to  2  inches  per  foot. 

It  may  be  noted  in  this  connection  that  Mill  64  (Figs.  425a  and  4256)  and 
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the  Govcr  mill  have  a  water  trough  running  crosswise  over  the  head  of  the 
plates  for  supplying  additional  water  if  desired.  This  water,  falling  on  the 
plate,  retards  tne  piadp  at  the  point  where  it  strikes  and  helps  to  catch  the  gold. 

The  rule  which  appears  to  be  generally  followed  in  adjusting  to  get  the  best 
slope,  is  to  make  it  as  small  as  possible  without  allowing  sulphurets  to  deposit 

Adams^  advocates  a  radical  departure  in  regard  to  slope.  He  holds  that  the 
dope  of  plates  should  never  be  less  than  2^  inches  per  foot  (11**  46'),  be- 
cause in  that  case  an  excess  of  water  will  be  required  to  keep  all  the  pulp  mov- 
ing, and  then  the  water  will  be  so  deep  that  fine  gold  will  be  held  in  suspen- 
sion and  may  not  touch  the  plates.  A  slope  below  2^  inches  also  allows  too 
much  quicksilver  to  be  used,  making  the  amalgam  so  soft  that  there  is  more 
tendency  for  it  to  be  carried  oflf  the  plate  and  cause  a  loss  of  gold.  The  corol- 
lary of  the  above  is  that  it  would  not  be  wise  to  increase  the  slope  beyond  that 
necessary  to  reduce  the  water  to  the  minimum  favorable  for  stamping. 

§  524.  Speed  of  Waves  and  Thickness  of  Film. — ^When  the  slope  is  right, 
the  pulp  covers  the  whole  plate  and  flows  down  in  a  series  of  waves  which  roll 
the  grains  in  the  pulp  over  and  over,  and  give  them  an  opportunity  to  come 
in  contact  with  the  surface  of  the  plate.  The  speed  of  these  waves  is  an  indi- 
cation of  correct  adjustment.  A  few  figures,  which  the  author  obtained  from 
the  mills,  are  given  in  Table  333. 

TABLE  333. — SPEED  OF  WAVES  ON  PLATES. 


MiU  Number. 

Kind  of  Plate. 

Length. 

Time  for  Wave  to 
Ttaverselt. 

Velocity  of  Wave 
per  Second. 

91 

Apron  plat6 

Feet    Inches. 

16            0 

8             0 

81             0 

10             0 

8             0 

tt             0 

21             6 

Seconds. 
6 

S  Ated«,6 

Inches. 
82 

01 

SlufCO  |Hftt!*ft 

24 

AK 

Sluloo  plAtes. ... 

42 

^ 

1  At  middle,  11 

5 

(o)8 

tt.9 
24 

68 

Apron  plate 

42.7 

7S.,., 

No.  1  sluice  plates 

Sluice  dates 

8S 

74 

ssw 

(a)  Some  traveled  In  6  seconds  at  the  middle,  making  their  Telocitj  48  Inches  per  second,  due  to  tfas 
ooDcave  form  already  noted  in  %  617. 

This  table  brings  out  the  fact  that  the  total  range  of  velocity  of  waves  (not  of 
the  pulp)  is  only  from  about  23  to  42  inches  per  second.  The  most  rapid  is 
Mill  68,  which,  as  previously  shown,  has  also  the  steepest  sloping  plates  found 
in  the  mills  visited. 

The  thickness  of  the  film  was  taken  on  each  of  a  pair  of  sluice  plates  in 
mil  66.    The  results  are  shown  in  Table  334. 


TABLE  334. — THICKNESS  OF  FILM  ON  PLATES  OF  MILL  66. 


Thickness  in  inches 
at  crest  of  wave... 

Thickness  in  inches 
at  trough  of  wave.. 


At  Upper  End  of 
One  Plate. 


At  edge. 
[  0.190 


o.m 


At  center. 
0.166 

0.140 


At  Lower  End  of 
One  Plate. 


At  edge. 
0.078 

0.04S 


At  center. 
O.OM 

0.014 


At  Upper  End  of 
Other  Plate. 


At  edge. 
0.108 

0.078 


At  center. 
0.064 

0.062 


At  Lower  End  or 
OtfaBT  Plate. 


At  edge. 
0.110 

0.0I9 


At 


0.160 
COW 


The  shape  of  the  wave  on  the  plate  first  measured  is  shown  in  Fig.  433,  and 
the  points  of  measurement  are  shown  by  the  two  crosses.  Similarly  the  shape 
of  the  wave  at  the  lower  end  of  the  other  plate  is  shown  in  Fig.  434.  The  table 
shows  that  as  a  rule  the  film  on  these  plates  is  thicker  at  the  edge  than  at  the 
center  of  the  plate.  I'his  agrees  with  the  fact  that  the  wave  in  this  mill  travels 
nearly  twice  as  fast  at  the  edges  as  at  the  center.  The  thinner  the  film,  the 
greater  is  the  retardation.     In  most  mills,  however,  the  wave  is  faster  at  the 
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FIG.  433. 
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PIG.  434. 


center  and  the  film  thickness  would  consequently  probably  be  greater  at  the 
center.  The  table  also  indicates  that  the  film  is  thinner  at  the  lower  end  of  the 
plate  than  at  the  upper  end,  probably  owing  to  the  fact  that  the  pulp  increases 
in  velocity  as  it  flows  over  the  plate. 

§  525.  Materials  of  the  Plates. — Amalgamated  plates  may  be: 
Copper  coated  with  quicksilver. 

Copper  coated  with  silver  amalgam  or  gold  amalgam. 
Copper  plated  with  silver  and  coated  with  quicksilver. 
Muntz  metal  (copper  60%,  zinc  40%)  coated  with  quicksilver. 
Pure  sheet  silver  coated  with  quicksilver. 
Bough  board  covered  with  amalgam. 

In  addition  to  the  above,  surfaces  of  blanket  or  carpet  are  used  to  catch  gold 
and  amalgam,  but  these  cannot  strictly  be  called  amalgamated  plates. 

Qwaliiy  of  the  Copper  for  Plates. — Whether  plain  copper  or  silver  plated  cop- 
per plates  are  used,  only  the  purest  and  softest 
annealed  Lake  Superior  or  electrolytic  copper 
should  be  employed.  Annealing  is  necessary 
to  soften  up  the  hard  skin  formed  by  rolling 
and  to  make  the  copper  porous  for  receiving 
the  mercury.  If  the  mill  man  is  unable  to  pur- 
chase a  copper  plate  already  annealed,  the  an- 
nealing may  be  done  as  follows :  the  plate  with 
the  face  to  be  amalgamated  uppermost,  is  sup- 
ported a  short  distance  from  the  ground,  pref- 
erably upon  a  layer  of  sand  on  an  iron  plate. 
A  fire  of  shavings  and  chips  is  built  beneath  and  the  plate  is  heated  all 
over  hot  enough  to  char  sawdust  or  a  piece  of  paper  on  top.  It  is 
then  allowed  to  cool  slowly  or  it  may  be  chilled  at  once  in  water;  it  matters 
not  which  method  is  used  so  far  as  the  annealing  is  concerned,  but  the  slow  cool- 
ing will  probably  yield  the  truer  surface.  This  heating  softens  up  the  surface, 
making  it  porous,  and  removes  all  the  stresses  due  to  rolling.  If,  after  anneal- 
ing, the  plate  is  warped  or  buckled,  it  is  laid  upon  its  table  and  trued  up  by  light 
blows  with  mallet  and  wooden  block. 

Plain  Copper  Plates  coated  with  Quicksilver  are  used  in  Mill  66*  and  on  the 
first  8  feet  of  plates  in  Mills  65,  73  and  74.  A  surface  of  copper  amalgam  is 
formed  on  such  plates,  which  is  a  poorer  catcher  of  gold  than  either  gold  or  silver 
amalgam,  and  as  a  consequence  it  is  necessary  to  run,  say,  100  tons  of  ore  over 
the  plates  before  they  have  become  sufiiciently  charged  with  gold  amalgam  to  be 
good  catchers  of  gold.  The  extra  amount  of  gold  lost  with  this  100  tons  of  ore 
is  partly  due  to  what  escapes  into  the  tailings  and  partly  to  what  is  absorbed  into 
the  plate.  To  this  phenomenon  has  been  given  the  name  the  new  plate  error. 
Mills  65,  73  and  74  rely  upon  the  later  silver  plated  plates  and  on  the  vanners  to 
save  any  loss  from  the  new  plate  error. 

Plain  Copper  Plates  coated  with  Amalgam  are  used  in  Mills  67  and  77.  The 
author  is  in  doubt  whether  Mill  72  belongs  to  this  class  or  to  the  preceding.  By 
the  painting  on  of  a  thin  coating  of  gold  or  silver  amalgam,  the  plate  becomes 
a  good  catcher  of  gold  from  the  start  and  the  new  plate  error,  which  occurs  with 
plain  copper  coat^  with  quicksilver,  is  avoided.  Regarding  the  relative  merits 
of  gold  and  silver  amalgam,  the  author's  experience  on  test  runs  places  the  catch- 
ing power  of  the  latter  very  high.  Authorities  (Keith"®,  Louis",  Rickard") 
however  claim  that  a  plate  covered  with  gold  amalgam  catches  gold  bettor 
than  one  covered  with  silver  amalgam. 
Silver  Plated  Copper  Plates  coated  with  Mercury  are  used  in  19  mills  (see 

*  Stnoe  writing  the  above,  silver  plated  plates  have  been  Introduced. 
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Table  330).  The  mercury  iinites  with  the  silver  and  forms  a  coating  of  silver 
amalgam,  thereby  avoiding  any  new  plate  error.  The  amounts  of  silver  used  per 
square  foot  and  the  time  intervals  between  replating  are  shown  in  Table  335. 

TABLB  335. — SILVER  PLATINQ. 


KUl  Number. 

AmoontofSflvw-UMd 
perSquAre  Foot 

Intemd  of 
Bepladnic. 

MiU  Number. 

Amount  of  Sa^er  Uaed 
per  8<inara  Foot. 

Interval  of 
BeplatlBic. 

66 

OimoeiL 

8 
1 

Kontlu. 
18 

68  ..    . 

OuBoea. 

1 
1 

MoatlBL 
Never 

57 

71 

18 

68 

18 

78 

60 

8M 

74 

60 

68 

Never 

61 

81  to  86 
8tol8 

84 

68 

86 

66 

Five  use  one  ounce  per  square  foot,  one  uses  1}  ounces,  two  use  2  ounces,  four 
use  2^  ounces,  and  one  uses  5  ounces  per  square  foot.  Mills  68  and  82  do  not 
replate  because  hard  amalgam  accumidates  and  the  plate  is  melted  down  after 
three  or  four  years. 

It  is  claimed  that  an  ore  rich  in  free  gold  will  require  less  silver  per  square 
foot  and  require  replating  less  often  than  a  poor  ore,  because  the  gold  amal- 
gam forms  fast  enough  to  prevent  the  scouring  off  of  the  silver  by  the  sand. 
Table  335,  however,  does  not  bear  out  this  statement;  the  mills  with  two  or 
more  ounces  silver  are  treating  as  rich  or  richer  ore  than  those  with  1  ounce. 
With  ore  containing  $2.00  to  $6.00  free  gold  per  ton  1  ounce  of  silver  per  square 
foot  is  claimed  to  be  too  little. 

The  interval  of  replating  depends  not  only  upon  the  thickness  of  the  plating 
and  the  richness  of  the  ore,  but  also  on  the  care  used  in  scraping  the  plate& 

Comparison  of  Plain  Copper  and  Silver  Plated  Ptei«5.— Hardman  prefers 
plain  copper  plate,  coated  with  gold  amalgam,  for  a  company  mill,  as,  if  properly 
managed,  it  catches  gold  just  as  well  as  a  silver  plated  plate,  and  it  costs  less  than 
the  latter.  For  a  custom  mill  he  prefers  silver  plated  plates,  to  overcome  the  over- 
lapping error  due  to  the  absorption  of  amalgam  by  a  plain  copper  plate.  By 
using  a  silver  plated  plate,  practically  the  full  value  of  amalgam  can  be  reoovered 
from  the  plates  after  each  run.  The  use  of  silver  amalgam  on  plain  copper  will 
also  prevent  the  gold  in  the  ore  from  coming  in  contact  with  the  copper  to  any 
considerable  extent,  and  thus  overcome  the  overlapping  error,  but  its  use  in 
custom  mills  is  not  general  as  it  brings  in  another  item  in  settling  accounts. 

Silver  plated  copper  is  easier  to  keep  clean  than  copper  plate,  but  even  on  the 
former  some  stains,  due  to  oxidation  of  copper,  occur.  It  is  claimed  by  some 
mill  men  that  the  pickling  a  plate  undergoes  before  the  plating,  causes  salts  to  be 
retained  which  later  come  out  and  cause  stain.  Louis  Janin,  Jr.,'  holds  that 
where  the  gold  is  fine,  requiring  the  plate  to  be  kept  in  first  class  condition, 
silver  plat^  plates  are  preferable  since  they  can  be  kept  in  prime  condition 
with  less  attention  than  copper  plates. 

At  the  Harrietville  mill  in  the  Ovens  district,  Victoria,  two  batteries  work- 
ing side  by  side  on  the  same  ore,  each  had  three  plates  in  series.  In  No.  1 
battery  there  was  one  silver  plated  plate  followed  oy  two  of  plain  copper  in 
series.  In  No.  2  there  were  two  silver  plated  plates,  in  series,  followed  by  one 
plain  copper.  After  a  year's  run  the  last  plate  of  No.  1  was  well  amalgamated, 
while  the  last  plate  of  No.  2  was  scarcely  whitened.  This  was  taken  to  indi- 
cate that  silver  plated  plates  were  much  better  for  catching  amalgam  than  were 
plain  copper. 

At  Sierra  Buttes  mills,  one  set  of  batteries  gave  up  silver  plated  plates  because 
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the  plating  wore  out  too  fast.  The  ore  in  this  case  contained  sulphurets.  An- 
other set  of  batteries  treating  ore  with  no  sulphurets,  could  not  work  satisfacto- 
rily without  silver  nlated  plates,  presumably  on  account  of  the  amount  of  stain. 
The  presence  of  sulphurets  cannot  have  been  the  whole  trouble,  as  many  mills 
are  using  silver  plated  plates  successfully  with  ores  containing  sulphurets. 

A  comparison  of  plain  copper  with  silver  plated  copper  amalgamated  plates  at 
the  Colombian  mines,  Remedies  district,  Antioquia,  Colombia,  has  been  given 
by  E.  Halse.*  The  ore  is  quartz,  containing  from  1  to  6%  of  sulphides,  chiefly 
iron  pyrites  with  some  galena  and  blende.  The  sulphides  carry  most  of  the  gold 
and  silver  values  although  some  free  gold  occurs  in  the  ore.  Prom  the  stamps 
the  pulp  passes  over  an  upper  amalgamated  plate  3  feet  2^  inches  wide,  and  6 
feet  6  inches  long,  followed  by  a  lower  plate  of  the  same  width  but  only  1  foot 
long;  thence  over  a  mercury  trap  to  blanket  tables  and  finally  to  waste.  The 
concentrates  caught  on  the  blanket  tables  are  further  concentrated  in  a  narrow 
chest  and  on  an  inclined  table;  the  heads  from  this  treatment  have  the  gold 
extracted  by  an  arrastra,  while  the  tailings  are  shipped  to  England.  Mercury 
is  added  periodically  in  the  stamp  mortar. 

The  accompanying  table  shows  the  comparative  results  of  work  extending 
over  considerable  periods  of  time.  The  table  shows  that  of  the  total  gold  re- 
covered, the  silvered  plates  yielded  16%  more  than  the  plain  copper,  and  the 
percentage  of  gold  caught  above  the  blankets  was  16.72%  greater. 


Gold  Saving  AppUance. 


Plain  Oopper 
Flatei. 


Upper  Plates  Silvered ; 
Lower,  Plain  CJopper. 


Silvered  Plates 
only,  (a) 


Mortar. 
Plates. 


BlanL  __ 
Amatra. 


traps.. 


16.4Q3C 
68.975 
6.74 
1S.18 
18.646 


14.W 
M.7U6 
8.645 
8.M75 
11.685 


a0.97]( 

69.17 

1.7B6 

1.805 

6.80 


Totals 

Gold  caQcht  above  tbe  blankets.. 


lOO.OOOsf 
TSlTSjC 


lOO.OOQK 
84.8975)( 


lOO.OOOgf 
91.896)( 


(o)  These  ooDsisted  of  a  Up  plate  8  inches  long  and  an  apron  plate  7  feet,  8  inohes  long. 

This  ispartly  due  to  the  fact  that  more  mercury  was  used  with  plain  copper 
plates.  The  plain  copper  plates  tarnished  badly  owing  to  acid  water,  and  had 
to  be  washed  frequently  with  potassium  cyanide  solution.  The  use  of  a  silver 
amalgam  coating,  of  nitric  acid,  or  of  iron  riflBes  to  promote  electrolytic  action 
did  little  or  no  good.  Unslaked  lime  and  lumps  of  potassium  cyanide  in  the 
mortars  partially  remedied  the  difficulty.  Silver  plated  plates  tarnished  not 
at  all,  and  the  use  of  all  nostrums  was  discarded  except  that  of  putting  20  to 
50  pounds  of  lime  in  the  mortar  daily  to  counteract  the  acidity  of  the  water. 
Silver  plated  plates  when  new  required  no  dressing  except  the  rubbing  in  of  a 
little  mercury,  but  after  some  months  a  daily  wash  with  sal  ammoniac  solution 
was  needed. 

Halse  considers  that  there  is  a  greater  loss  of  gold  with  plain  copper  plates 
due:  (1)  to  amalgam  passing  by  the  tarnished  surface;  (2)  to  amalgam  loosened 
from  the  plates  by  the  washing  with  cyanide  and  lost  mechanically;  (3)  to 
amalgam  lost  chemically  by  the  same  reagent.  He  estimates  this  loss  to  be  at 
least  5%,  and  possibly  10%,  of  the  total  gold  recovered.  The  fineness  of  the 
bullion  was  also  found  to  be  higher  with  silver  plated  plates.  The  ore  yields 
0.96  to  2.32  ounces  of  bullion  per  ton ;  this  bullion  averages  about  600  fine  in 
^old  and  350  fine  in  silver. 

James  B.  Cooperf  writes  in  comment  upon  Halse's  tests  that  the  larger 
amount  of  mercury  used  with  the  plain  copper  plate  will  in  part  or  in  whole  ac- 

•  M«f.  Jr<>».  and  MeU  Vol.  IX..  (1901),  p.  156.  ~"'" 
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count  for  the  carrying  of  more  gold  down  to  the  blankets,  and  that  the  relative 
amount  of  stain  on  the  copper  plate  is  a  measure  of  the  impurity  (oxygen)  in 
the  plate,  a  pure  soft  copper  being  free  from  trouble,  an  impure  hard  copper 
with  high  percent,  of  oxygen  giving  great  trouble,  and  since  Halse  does  not  state 
the  analysis  for  oxygen  of  his  plain  copper  plate  the  results  are  not  conclusive. 

In  reply*  Halse  states  that  no  analysis  of  the  copper  plate  is  available,  but 
that  he  considers  it  to  have  been  of  good  quality,  being  that  commercially  known 
as  "brazier's  copper."  The  annealing  was  carefully  done  and  the  whole  surface 
scoured  to  bright  copper  before  amalgamating.  He  thinks  that  the  staining  was 
not  due  to  imipurities  in  the  original  copper,  although  he  is  unable  to  give  positive 
proof. 

Sharpless^*  gives  an  instance  of  a  silver  plated  plate  which,  with  warm  water 
(about  80°F.)  flowing  over  it,  became  covered  with  a  very  hard  crystalline 
amalgam  and  caused  much  trouble.  Spots  where  the  silver  was  worn  oflf,  how- 
ever, remained  in  good  condition. 

Muntz  metal  plates  coated  with  mercury  (copper  60%,  zinc  40%)  are  used 
in  the  Thames  district  of  New  Zealand,  originally  as  an  expedient,  but  now 
they  are  preferred  to  copper.  According  to  Rickard,  they  absorb  comparatively 
little  amalgam,  making  them  efficient  from  the  start,  and  they  can  be  cleaned  of 
amalgam  without  the  use  of  steel  scrapers,  and  are  therefore  advantageous  for 
custom  mills,  except  where  the  ores  are  comparatively  rich.  They  are  cheaper, 
the  amalgam  on  them  is  not  sickened  so  much  by  base  minerals,  that  is,  by  many 
of  the  minerals  containing  lead,  copper,  iron,  arsenic,  antimony,  etc.,  and  stains 
from  grease,  etc.,  do  not  form  to  such  an  extent  as  on  copper  plates.  This  may 
be  due  to  electrolytic  action  of  the  zinc  and  copper  liberating  hydrogen  from  the 
water,  which  has  a  reducing  effect.  On  the  other  hand,  acid  water  causes  a 
scum  in  some  cases,  which  does  not  occur  with  copper.  After  a  time,  Muntz 
metal  plates  become  brittle  when  saturated  with  amalgam  and  break  when 
cleaned.  According  to  Louis  Janin,  Jr.,f  several  mill  men  in  New  Zealand  claim 
that  the  absorption  of  gold  by  Muntz  metal  is  greater  than  by  copper. 

Plates  of  Pure  Silver  coated  with  Amalgam  answer  quite  as  well  or  better 
than  silver  plated  copper  plates,  because  there  is  less  tendency  to  stain.  Their 
high  first  cost,  however,  and  their  liability  to  be  stolen  are  points  against  them. 

Bough,  unplaned  Pine  Board  Surfaces.— Mills  65,  73  and  74  use  a  rough  pine 
board  upon  the  mortar  apron,  1  inch  thick  and  12  inches  wide,  flush  with  the 
lip.-  On  this  the  pulp  falls  from  the  screen.  When  used  a  month  it  becomes 
coated  with  amalgam  in  patches,  and  can  be  cleaned  up  in  one-eighth  the  time 
required  for  a  copper  plate.  It  will  not  stand  the  jar  of  the  stamps  like  a  copper 
plate,  that  is  to  say,  the  amalgam  will  not  adhere  and  accumulate  so  thick  as 
on  copper. 

Carpet  or  BlanJcet  Surfaces. — In  Mill  62  Brussels  carpet  is  laid  over  the  last 
section  of  the  apron  plate.  Carpet  tables,  after  plates,  are  also  used  in  Mill  76. 
For  further  consideration  of  these  the  reader  is  referred  to  §  505  and  §  506. 

Treatment  of  Plates. — Under  this  general  heading  will  be  considered: 

The  Preparation  of  New  Plates. 

Maintaining  Plates  of  the  Right  Consistency. 

The  Eegular  Dressing  of  Plates  to  Keep  the  Surface  in  a  Bright  Condition. 

The  Cleaning  or  Removal  of  Accumulated  Amalgam  from  Plates. 

§  526.  General  Considerations. — Before  taking  up  each  of  these  subjects 
it  will  save  repetition  to  make  a  few  general  remarks  which  apply  to  all. 

Copper  is  easily  acted  on  by  air  and  water  to  form  a  coating.  Similarly  a  coat- 
ing or  stain  of  varying  colors  will  form  on  a  plate  covered  with  copper  amalgam. 
This  stain,  commonly  called  "verdigris"  by  mill  men,  according  to  Louis  is 
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hydrated  oxide  of  copper,  with  or  without  some  carbonate.  When  water  which 
contains  sulphates  is  used,  a  basic  sulphate  may  also  form.  Sulphide  of  copper 
probably  also  occurs  in  the  coating.  This  coating  may  be  removed  mechanically 
by  the  use  of  some  abrasive,  as  sand,  or  chemically  by  dilute  hydrochloric,  nitric 
or  sulphuric  acids,  a  solution  of  a  handful  of  salt  and  \  teacup  of  sulphuric 
acid  in  2^  gallons  of  water,  ammonia,  sal  ammoniac  or  potassium  cyanide.  It 
is  now  considered  better  to  avoid  the  use  of  chemicals  as  far  as  possible  except 
possibly  potassium  cyanide  in  the  treatment  of  plates.  It  is  claimed  that  the 
use  of  dilute  acids,  especially  nitric,  either  in  the  preparation  of  new  plates  or 
in  the  dressing  of  plates,  causes  the  formation  of  salts  of  copper,  which  will 
sooner  or  later  work  out  to  the  surface  of  the  amalgam  and  make  a  stain.  Nitric 
acid  also  dissolves  silver  from  silver  plated  plates.  This  stain  may  sometimes  be 
formed  externally,  as,  for  example,  where  the  ore  or  water  contains  acid  sul- 
phates of  iron  or  copper  formed  by  the  oxidation  or  roasting  of  pyrites.  In 
this  case  the  action  is  probably  aided  by  oxygen  and  carbonic  acid  from  the  air 
and  water. 

There  is  another  great  difficulty  in  amalgamation  besides  the  staining  of 
plates,  that  is,  the  "sickening^'  dnd  "flouring*'  of  mercury,  not  only  on  plates^ 
but  also  in  the  stamp  mortar.  These  two  terms  are  used  rather  promiscuously 
to  denote  the  separation  of  mercury  into  minute  globules  by  agitation,  as  in  the 
stamp  mortar,  which  globules  are  prevented  from  reuniting  by  the  presence  of  a 
film  of  oxide,  grease  or  other  foreign  substance.  Some  authors  define  flouring 
as  the  separation  into  globules  mechanically  by  agitation,  and  sickening  as  the 
coating  over  of  these  globules  chemically,  which  prevents  them  from  reuniting 
again.  Among  the  substances  are  oxides,  sulphates,  sulphides  or  arsenides  of 
base  metals  (lead,  copper,  iron,  bismuth,  arsenic,  antimony,  etc.)  which  have 
come  from  the  ore  or  water.  Any  easily  oxidizable  metal  present  in  the  mercury 
itself  oxidizes  and  may  cause  sickening.  Ores  carrying  talc,  serpentine,  graphite 
or  clay  form  a  coating  on  mercury,  and  cause  sickening.  Any  Babbitt  metal, 
which  may  accidentally  get  into  the  stamp  mortar,  will  cause  sickening.  Car- 
bonate of  lead  is  another  cause. 

Trouble  from  grease  may  be  remedied  by  the  use  of  an  alkali,  such  as  soda 
(<oda  ash),  IvB  or  burnt  lime  (CaO),  which  are  added  to  the  mortar  at 
regular  intervals.  Any  trouble  from  the  grease  of  miner's  candles  may  be  largely 
avoided  by  the  use  of  stearine  candles  instead  of  tallow.  The  advantage  of 
htearine  is  that  it  does  not  drip  over  the  rocks  in  the  mine.  A  candle  end  of 
either  material  however  should  not  be  allowed  in  the  mortar.  Alkalies  also 
remedy  trouble  from  acidity.  An  easy  remedy  for  acidity  of  the  water  is  to  run 
it  over  broken  limestone.  An  instance  of  the  failure  of  lye  is  given  by  Sperry, 
who  found  that  lye  (caustic  potash)  which  was  used  in  the  mortar  to  counter- 
act grease,  reacted  with  the  sal  ammoniac  used  to  dress  the  plates  and  produced 
ammonia,  which  precipitated  iron  from  the  water  as  the  hydrate  and  formed  a 
greenish  scum.     The  lye  was  discontinued  and  the  scum  disappeared. 

An  extreme  example  of  acid  water  is  that  of  the  Peak  Hill  mine.  New  South 
Wales,  where  the  ore  undergoes  a  rough  roasting  in  heaps  previous  to  stamping. 
A  small  amount  of  copper  in  the  ore  is  changed  to  sulphate,  and  is  dissolved 
by  the  water  during  stamping.  As  the  water  was  used  over  and  over,  it  soon 
became  strongly  charged  with  this  copper  sulphate,  which  deposited  a  film  of 
copper  on  any  fine  particles  of  iron  abraded  by  wear,  and  in  this  condition  the 
iron,  so  coated,  was  readily  amalgamated  by  mercury.  Instead  of  the  ordinary 
gold  amalgam,  a  very  impure  slime  amalgam  was  obtained.  The  remedy  which 
effectually  removed  the  difficulty  was  to  cease  using  the  water  a  second  time. 

A  graphite  coating  on  plates  may  be  removed,  according  to  Hardman,  in  less 


752  OHE  DRE861KG.  §  527 

than  an  hour  by  putting  a  shovelful  of  salt  into  the  battery.  As  to  whether 
this  will  act  for  the  talc  and  serpentine  coatings^  the  author  is  not  informed. 

Sodium  amalgam  has  a  powerful  reducing  action,  which  reduces  the  metal 
from  any  oxides,  sulphates,  sulphides^  chlorides,  etc.,  of  base  metals,  and  thereby 
removes  these  causes  of  flouring.  This  reducing  action,  however,  causes  base 
metals  to  go  freely  into  the  mercury,  so  that  it  may  do  as  much  harm  as  good, 
and,  besides,  sodium  amalgam  is  troublesome  to  make  and  keep.  Its  use  is 
therefore  generally  not  favored.  The  rule  usually  given  for  its  employment  is 
to  add  it  to  the  mercury  fed  to  the  battery  in  such  amounts  that  tne  mercury 
will  just  adhere  slightly  to  the  edges  of  a  nail  that  has  been  filed  bright.  If  it 
coats  the  nail  all  over,  more  mercury  should  be  added,  while  if  it  does  not  ad- 
here at  all,  more  sodium  amalgam  is  needed.  W.  L.  Libbey  advocates  that  it 
be  made  much  weaker  than  tlSs,  and  reports  that  mercury  containing  1  part 
sodium  in  2,000,  works  very  successfully  with  a  Nova  Scotia  ore  containing 
arseno-pyrite  and  talcose  slate,  so  that  ihe  loss  of  mercury  in  milling  is  less 
that  x\)  ounce  per  ton  of  ore. 

An  electric  current  also  reduces  base  metals  similarly  to  sodium  amalgam, 
and  was  found  by  the  author  in  the  Mayflower  mill,  Colorado.  The  use  of  a 
galvanic  couple  of  iron  and  copper,  for  the  same  purpose,  was  first  reconunended 
by  Aaron.  The  author  found  it  in  use  in  Mill  67  where  an  iron  strip  is  used 
at  the  tail  of  the  plates,  as  shown  in  Fig.  428.  This  strip  was  intended  pri- 
marily to  serve  as  a  fastener,  but  its  action  was  found  to  be  very  favorable  in 
preventing  copper  stains  on  the  plates. 

An  exception  to  the  common  objection  to  sulphuric  acid  is  made  by  Louis, 
who  says  that  he  has  kept  new  plates  beautifully  clean  by  means  of  a  narrow 
leaden  trough  fixed  just  above  the  top  plate,  which  was  kept  filled  with  moder- 
ately dilute  sulphuric  acid^  and  fitted  with  a  siphon  formed  from  a  strip  of 
blanket,  so  as  to  allow  a  continuous  supply  of  acid  to  drip  on  the  plate.  This 
acid  acts  not  only  by  direct  solvent  action,  but  also  by  the  action  of  electric 
couples  produced  between  the  copper  and  any  bits  of  steel  or  iron  which  may 
have  been  abraded  from  the  shoes  and  dies. 

§527.  Amalgamating  New  Plates. — This  is  divided  into  two  parts:  first, 
the  cleaning  of  the  copper  by  any  of  the  agents  previously  mentioned,  to  re- 
move oxides  and  grease,  and  second,  the  coating  of  the  plate  with  quicksilver 
or  amalgam.  The  requisites  of  the  process  are  that  an  even  coating  of  amalgam 
be  obtained,,  and  all  oxide  of  copper,  grease  and  chemicals  used  in  the  process 
be  removed.  Owing  to  the  rapid  formation  of  oxide  of  copper  when  exposed 
to  the  air,  it  is  necessary  to  continue  the  use  of  the  cleaning  agents  throughout 
the  process.  The  amalgamation  is  best  done  with  mercury.  Nitrate  or  chloride 
of  mercury  or  sodium  amalgam  have  sometimes  been  used  but  are  not  favored. 

Authorities  differ  somewhat  in  detail  as  to  the  best  method  of  preparing 
plates.    Accordingly,  several  methods  are  here  given. 

Copper  plates,  coated  with  gold  amalgam,  are  prepared  by  Hardman,  at  Mill 
67,  as  follows:  Place  plate  in  horizontal  position  and  wash  with  water.  Paint 
the  whole  surface  of  the  plate  with  a  saturated  solution  of  cyanide  of  potassium, 
using  a  4-inch  flat  paint  brush  and  moving  the  brush  transversely  across  the 
plate.  The  solution  dries  rather  rapidly  and  one  coat  is  sufficient.  Leave  plate 
undisturbed  for  24  hours,  until  its  surface  has  turned  a  dark  green.  Scrub 
the  whole  plate  bright,  beginning  at  the  top,  by  the  use  of  some  fine  sand  (usually 
screened  from  old  dry  tailings),  and  a  scrubber  made  of  several  thicknesses  of 
gunny  sacking  wrapped  around  a  small  block  of  wood.  After  the  green  scale 
has  all  been  scoured  oflf,  wash  the  plate  with  water  and  sprinkle  mercury  upon  it 
and  rub  it  in  with  a  clean  chamois  leather,  moistening  both  plate  and  rubber 
from  time  to  time  with  a  solution  prepared  by  mixing  one  part  of  the  saturated 
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solution  of  potassium  cyanide  with  five  parts  of  water.  The  mercury  'Tbites" 
immediately.  This  scouring  and  amalgamating  can  easily  be  done  upon  a  plate 
10  feet  long  and  54  inches  wide,  by  one  man,  in  8  hours.  The  plate  should 
be  a  perfect  mirror  when  done.  Give  the  plate  its  proper  slope  and  run  water 
over  it  all  night.  The  next  morning,  if  any  green  stains  have  appeared^  scrub 
such  spots  to  bright  copper  and  re-amalgamate.  Paint  the  upper  two  or  three 
feet  with  very  fine  gold  amalgam,  or,  if  gold  amalgam  is  not  available,  with 
silver  amalgam.  The  fine  gold  amalgam  is  best  obtained  by  taking  a  piece  of 
old  copper  plate  well  coated  with  gold  amalgam,  and  "sweating'*  it  carefully 
over  an  ordinary  kerosene  lamp.  The  adhering  amalgam  is  scraped  off,  put 
into  a  Wedgewood  mortar  with  a  little  quicksilver  and  ground  well  together. 
Bapidly  pouring  off  the  mercury  after  skimming,  leaves  the  coarser  particles  of 
amalgam  behind,  while  the  portion  poured  off,  if  allowed  to  stand  24  hours, 
may  be  carefully  decanted  from  the  fine  amalgam  which  has  settled  to  the  bottom 
and  which  will  be  found  to  be  of  the  consistency  of  cream.  The  plate  thus 
painted  is  allowed  to  stand  for  at  least  24  hours,  and  as  much  longer  as  possible 
before  using.  The  plate  is  kept  quite  soft  with  mercury  during  the  first  two 
or  three  days  of  its  use,  the  mercury  and  amalgam  being  brushed  up  toward 
the  upper  end  of  the  plate  with  a  flat  paint  brush. 

The  method  of  preparing  plain  copper  plates,  coated  with  gold  amalgam,  at 
Hill  77,  is  as  follows :  Scour  off  the  surface  scale  with  tailings  and  water  until 
the  surface  is  bright  and  smooth.  Bub  in  mercury  with  tailings  and  very  dilute 
potassium  cyanide  solution  until  the  whole  surface  is  bright  and  soft.  Rub 
in  gold  amalgam  in  the  same  way  with  tailings  and  cyanide.  This  goldlimalgam 
is  the  needle-like  mass  of  crystals  which  settle  at  the  bottom  of  the  strainings  of 
mill  amalgam,  heated  with  hot  water  before  straining. 

For  preparing  plain  copper  plates,  coated  with  quicksilver,  at  Mill  66,  the 
practice  is  as  follows:  Scour  the  plates  with  sandpaper,  followed  by  emery 
cloth  or  with  tailings  and  a  wooden  block  4  inches  square  or  with  a  piece  of  grind- 
stone, until  the  face  is  perfectly  bright.  If  necessary,  the  sand  is  often  moist- 
ened with  a  weak  solution  of  potassium  cyanide  and  spots  are  often  removed 
with  dilute  nitric  acid.  Apply  repeatedly  a  strong  solution  of  potassium  cyanide 
by  means  of  a  soft  paint  brush.  After  two  days  sprinkle  mercury  on  this  cyanide 
coat  and  rub  it  into  'the  plate  with  a  moist  cloth,  using  tailings  to  help  in  the 
brightening.  When  the  plate  is  thoroughly  amalgamated,  put  it  into  place  and 
it  is  ready  for  use.  More  than  the  usual  amount  of  mercury  is  added  to  the 
mortar  that  the  new  plate  may  become  normal.  This  takes  from  two  to  four 
weeks,  during  which  time  the  plates  are  continually  discolored  by  copper  salts. 
To  get  these  into  solution,  potassium  cyanide  or  ammonia  is  added  to  the  battery 
water. 

§528.  Louis"  gives  the  following  method  of  preparation  of  plain  copper 
plates  coated  with  quicksilver:  Fine  sand  (sea  sand  if  obtainable)  is  sprinkled 
on  the  plate,  well  moistened  and  rubbed  in  with  a  block  of  wood  until  every  por- 
tion of  oxide  is  removed  and  the  plate  has  a  uniform  red  surface,  care  being  taken 
at  the  same  time  not  to  scratch  it  The  sand  is  then  washed  off,  and  the  plate 
dried  and  polished  with  fine  emery  paper  folded  over  a  block  of  wood.  A  per- 
fectly clean  dry  surface  is  thus  produced.  A  mixture  is  then  made  of  about  10 
parts  sand  to  1  of  coarsely  pounded  sal  ammoniac ;  this  mixture  is  damped  with 
water  and  clean  pure  mercury  is  sprinkled  into  it  by  squeezing  through  canvas. 
The  mixture  is  then  rubbed  over  the  plate  with  a  piece  of  canvas  or  blanket  when 
amalgamation  will  at  once  begin ;  more  mercury  must  be  sprinkled  on  the  plate 
from  tftne  to  time,  and  the  rubbing  continued  until  a  uniformly  bright  silvery 
surface  is  obtained.  Each  square  foot  of  copper  will  require  about  |  ounce  of 
mercury.    The  plate  is  next  well  washed  with  water  and  kept  until  the  following 
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day.  It  will  then  probably  be  found  that  the  plate  is  dulled  and  covered  with  a  ! 
coating  of  a  greenish  gray  substance.  Usually  the  plate  is  brightened  up  with  i 
a  dilute  solution  of  cyanide  together  with  a  little  mercury. 

For  preparing  plates  coated  with  silver  amalgam^  he  proceeds  in  the  same 
way  except  that  he  rubs  in  silver  amalgam  instead  of  mercury.  The  diver 
amalgam  is  prepared  as  follows:  Dissolve  a  sufficient  quantity  of  silver  coin 
(about  i  ounce  per  square  foot  of  surface  of  the  plates)  in  dilute  nitric  acid 
in  a  porcelain  basin,  with  the  aid  of  a  gentle  heat.  Evaporate  to  dryness  very 
gently,  preferably  over  a  water  bath,  and  heat  till  the  saline  mass  commences  to 
fuse,  and  till  all  its  bluish  tinge  is  turned  to  grayish  black,  this  change  indicat- 
ing that  all  the  soluble  cupric  nitrate  is  decomposed,  insoluble  cupric  oxide 
being  left  behind.  Dissolve  in  a  small  quantity  of  water  and  filter  into  a  jar  or 
beaker.  Add  pure  mercury  to  the  weight  of  about  three  times  that  of  the  silver 
used  and  float  a  few  pieces  of  bright  iron  on  the  mercury.  The  silver  will  at 
once  commence  to  precipitate  and  be  absorbed  by  the  mercury,  forming  silver 
amalgam,  the  process  taking  a  few  days  to  complete  thoroughly.  The  silver 
amalgam  so  produced  should  be  of  pasty  consistency,  and  contains  about  3 
parts  mercury  to  1  part  silver.  This  amalgam  is  then  rubbed  hard  all  over  the 
surface  of  the  amalgamated  plate,  which  is  kept  moist  with  a  dilute  solution  of 
potassium  cyanide ;  a  good  rubber  for  this  purpose  is  made  from  a  strip  of  pure 
india  rubber  f  inch  thick,  and  about  6  inches  long  screwed  to  a  strip  of  wood 
which  forms  its  handle  and  projecting  f  inch  therefrom.  The  rubbing  must 
be  continued  until  the  whole  of  the  plate  is  completely  coated  with  silver  amal- 
gam, which  will  then  keep  the  plate  from  tarnishing. 

The  author's  experience  has  been  that  the  removal  of  any  copper  from  the 
silver  is  unnecessary,  and  that  nearly  all  of  the  silver  is  precipitated  in  from 
30  to  60  minutes,  and  what  little  is  left  may  be  extracted  for  another  occasion. 
The  essential  thing  is  to  keep  the  solution  acid  to  prevent  the  precipitation  of 
basic  salts  of  mercury;  a  large  excess  of  acid,  however,  should  be  avoided.  It 
has  been  found  best  to  amalgamate  the  plates  with  mercury  first,  then  to  dry  them 
carefully  with  cotton  batting,  as  the  least  addition  of  water  will  bring  out  the 
yellow  stain.  The  silver  amalgam  can  be  painted  on  with  a  long  bristle  flat 
brush  just  before  the  plates  are  to  be  used,  or,  preferably,  over  night.  In 
the  latter  case,  the  amalgam  forms  a  harder  coating  upon  Hhe  surface,  which  is 
more  permanent.  The  proportions  which  have  been  found  by  the  author  to  work 
satisfactorily  are  to  use  for  each  square  foot  of  plate:  silver,  7  grams  (about 
i  ounce) ;  nitric  acid  (1.2  specific  gravity),  28  cubic  centimeters;  water,  60  cubic 
centimeters ;  mercury,  112  gramis.  Precaution  should  be  taken  not  to  boil  the  acid 
in  dissolving  the  silver,  as  the  volume  of  the  solution  is  thereby  lessened. 

For  coating  Muntz  metal  plates  with  quicksilver  they  are  scoured  with  fine 
sand,  washed  with  water,  cleaned  with  sulphuric  acid  (1  strong  acid  to  6  of 
water)  and  then  the  quicksilver  rubbed  in. 

§  529.  The  method  of  electroplating  a  copper  plate  at  Mills  65,  73  and  74 
is  as  follows :  If  the  plate  is  an  old  one,  first  heat  it  to  a  cherry  red  to  drive  off 
the  quicksilver.  Paint  the  back  of  the  plate  with  a  coat  of  asphalt  varnish  and 
leave  24  hours  to  dry.  This  serves  to  prevent  the  back  from  being  affected  dur- 
ing any  of  the  subsequent  operations. 

The  cleansing  or  "pickling,''  as  it  is  called,  has  several  steps.  First  leave  the 
plate  over  night  in  a  solution  of  1  part  sulphuric  acid  to  16  parts  water.  In 
the  morning,  take  it  out  and  scrub  with  pumice  and  a  bristle  brush.  Pour  a 
mixture  of  i  part  nitric  acid  to  2  to  3  parts  sulphuric  over  the  plate,  until  all 
parts  are  acted  upon.  Wash  thoroughly  with  water  and  scrub.  Wash^with  a 
solution  made  by  dissolving  a  spoonful  of  mercury  in  an  excess  of  nitric  acid 
and  diluting  in  a  tub  of  water.     This  leaves  a  thin  film  of  mercury  on  the  plate 
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and  prevents  oxidation.  Wash  and  scrub  with  a  solution  made  by  dissolving  4 
pounds  of  potassium  cyanide  in  15  gallons  of  water.  Bepeat  without  scrubbing. 
The  plate  is  then  ready  for  plating. 

The  bath  consists  of  a  solution  of  silver  chloride  in  potassium  cyanide.  To 
make  it,  dissolve  fifty  ounces  of  pure  silver  (a  convenient  amount)  in  nitric  acid, 
evaporating  solution  to  dryness,  making  thereby  silver  nitrate.  Put  this  with 
5  gallons  of  water  into  an  earthen  jar.  Place  in  a  darkened  room  and  add 
common  salt,  which  precipitates  the  silver  as  silver  chloride.  The  theoretical 
amount  of  salt  necessary  to  complete  the  reaction  is  0.5421  parts  by  weight  for 
each  part  by  weight  of  silver  used,  but  in  practice  it  will  be  necessary  to  add  a 
little  excess.  Too  great  an  excess  is  to  be  avoided  as  silver  chloride  is  somewhat 
soluble  in  strong  brine.  Vigorous  stirring  is  necessary  to  effect  the  precipitation. 
Filter  the  precipitated  silver  chloride  and  wash  thoroughly  and  dissolve  it  in 
potassium  cyanide  solution,  using  only  just  enough  of  uie  latter  to  dissolve  it 
completely.  Add  one-fourth  as  much  more  of  cyanide  and  dilute  with  water 
until  it  contains  3  ounces  of  silver  per  gallon ;  this  bath  is  ready  for  use.  The 
bath  deteriorates  while  depositing  and  requires  fresh  addition  of  cyanide  of 
silver  from  time  to  time.  The  chloride  of  silver  dissolved  in  potassium  cyanide 
is  preferred  at  these  mills  to  cyanide  of  silver  dissolved  in  potassium  cyanide 
because  it  is  claimed  that  the  silver  deposited  from  the  former  solution  is  not 
so  compact,  and  is  a  better  catcher  of  gold  than  that  from  the  latter  solution, 
which  is  more  commonly  used  for  plating  tableware,  where  the  deposit  is  re- 
quired to  be  finer  grained  and  harder. 

The  vats  (see  Fig.  435)  used  for  the  bath  are  of  wood,  with  the  surface  and 
comers  made  tight  by  melted  as- 
phalt They  are  6  feet  2  inches  long, 
30  inches  deep  and  20  inches  wide. 
There  are  13  anodes  of  silver  sus- 
pended from  a  rod  along  the  middle 
of  the  tank  so  that  their  surfaces  are 
parallel  to  the  sides  of  the  tank. 
Each  is  3  inches  wide  and  2  feet  FIG.  435.— plan  op  silver  plat- 

long,  making  the  total  anode  sur-  INO  VAT. 

face   13  square  feet.     Two  copper 

plates,  each  6X2  feet,  are  put  in  at  once,  one  at  each  side  of  the  tank, 
and  10  inches  distant  from  the  anodes.  The  current  is  25  amperes  with 
4  volts,  and  is  obtained  from  a  dynamo  driven  from  an  independent 
water  wheel.  The  thickness  of  the  plating  amounts  to  2^  ounces  per  square 
foot.  This  is  determined  by  weighing  a  test  plate  A,  which  has  an  area  of  8 
pquare  inches.  Plating  takes  from  8  to  16  hours,  depending  chiefly  on  the  con- 
dition of  the  bath.  The  greater  the  anode  area  the  more  spongy  the  deposit. 
When  the  plating  is  finished,  the  plates  are  taken  out,  washed  with  water  and^ 
amalgamated  by  rubbing  with  mercury. 

John  Hays  Hammond*^  (1888)  gives  the  cost  of  a  plant  for  plating  6X4-feet 
copper  plates  at  about  $1,200,  of  which  $1,100  is  for  the  solution.  A  dynamo 
requiring  1|  horse  power  will  be  required  to  do  the  work  and  will  cost  about  $225 
more.  The  cost  of  plating  is  a  little  more  than  the  actual  cost  of  the  silver  used. 
Silver  taken  frem  the  solution  must  be  replaced  by  the  addition  of  equivalent 
silver  anodes. 

At  Mills  68  and  82  the  cost  of  an  apron  plate,  8  feet  long,  52  inches  wide, 
J  inch  thick,  and  coated  with  1  ounce  silver  per  square  foot,  is  $90.20. 

Halse^  considers  the  proper  preparation  of  silver  plated  plates  to  be  very 
essential  to  good  work.    His  metnod  is  to  scour  the  plate  (previously  plated  with 
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1  ounce  of  silver  per  square  foot)*  with  a  mixture  of  wood  ashes  and  fine  sand, 
wash  with  water,  rub  in  mercury  with  a  mixture  of  sal  ammoniac  and  wood  ashes, 
let  stand  twelve  hours  during  which  time  patches  of  amalgam  appear  all  over 
the  plates,  rub  these  in  with  a  little  mercury,  which  concludes  the  operation. 

§  630.  Maintaining  Plates  of  the  Bight  Consistency. — Plates  should 
not  be  run  too  hard  or  too  soft.  If  too  hard  they  will  fail  to  catch  the  gold.  If 
too  soft,  the  mercury  flows  off  the  lower  end  of  the  plates,  wasting  gold  and  mer- 
cury. Their  condition  is  judged  by  the  feeling  of  the  plate  next  to  the  battery. 
When  just  right  the  amalgam  should  yield  to  the  pressure  of  the  finger,  as  do^ 
putty,  but  drops  of  mercury  should  never  exude  and  run  down.  The  amalgam  is 
generally  softer  on  the  later  plates  than  on  the  earlier.  The  amalgam  is  kept  in 
the  right  condition  by  regulating  the  amount  of  mercury  fed  to  the  mortar.  If 
too  hard,  increase  the  mercury  fed ;  if  too  soft,  decrease  it. 

Where  the  gold  is  fine,  the  plates  should  be  run  dryer  or  harder  than  with 
coarse  gold.  Fine  gold  also  requires  a  larger  and  more  frequent  addition  of 
mercury.  The  amounts  used  by  the  mills  have  already  been  given  in  §  190.  In 
many  mills,  mercury  is  added  directly  to  the  plates  as  well  as  inside  the  mortar 
in  order  to  keep  them  in  the  right  condition. 

§  531.  Dressing  of  Plates. — ^The  act  of  brightening  the  surface  of  a  plate 
to  remove  the  stain  and  make  it  more  active  is  called  dressing  the  plate.  The  act 
of  scraping  off  the  amalgam  to  save  it  is  called  cleaning  the  plate.  As  ^own 
in  Table  336,  the  dressing  of  plates  occurs  at  various  intervals  in  different  mills. 
Every  12  or  24  hours  is  perhaps  the  most  common. 

table  336. — ^dressing  and  cleaning  plates. 


MiU 
No. 


56.. 
67., 


69 

61 

6B 

68 

64 

67 


Interval  of 
Dressing. 


Hours. 
IS 


M 

4 
18 

6 
S4 
84 

]     60^6 


Material  for  Dressing. 


Mercury  and  <7anide. 

Mercury < 

Mercury 

See  teat. 


Cyanide. 
Mercury 


lercury  and  cyanide. . 

Brush  or  chmnois. . . .  ( 
Mercury f 


Interval  of 
Cleaning. 


Da; 


T 

1 

1 
14 

1 
14 


1 
1 

1 

18 


MIU 
No. 


78 

78(6). 

76...., 

77..... 
88(c).. 

§^*- 

86.. 


Interval  of 
Dressing. 


Hoon. 

8 

6 
84 
94 
84 
84 
18 

8 

6 

8 


Material  for  Dressing. 


Meraory  and  cyanide. 

Qfanide 

Meroiny  and  cyanide. . 


Merouiy 

Mereory  and  cyanide,  e 


Mensury 

Mereuiy  and  cyanide. . 


Interval  of 


D^ 


(a)  AU  except  those  onthe  vanner  dlstributora,  which  are  dressed  once  a  week.  _  (&)  This  applies  only  to  the 


No.  1  sluice  plates.    The  No.  2  sluice  plates  are  dressed  and  deaaed  once  a  fortnight  and  the  ^ 

distributors  once  a  week,    (c)  Apron  plates,    (d)  Vanner  plates,   (e)  Tlie  cyanide  solution  is  made  by  diaaolT* 
ing  two  ounces  in  three  gallons  of  water. 

Mill  67  rubs  np  the  plates  with  a  brush  or  chamois  every  half  hour,  while 
in  some  mills  there  are  short  plates  on  deflectors  which  are  not  dressed  except 
,  at  the  time  of  the  fortnightly  cleaning.  Plates  near  the  head  are  often  dressed 
more  frequently  than  those  farther  away.  The  interval  depends  to  a  great  ex- 
tent upon  the  conditions.  New  plates  must  be  dressed  more  frequently  than 
old  ones.  A  rich  ore  or  an  ore  which  contains  substances  which  tend  to  cause 
a  stain  or  scum  on  the  plates,  will  make  frequent  dressing  necessary.  Dressing 
should  never  be  delayed  until  the  surfaces  become  too  hard,  and  yet  it  should 
not  occur  any  oftener  than  is  necessary  to  keep  the  plates  bright,  as  it  causes  a 
waste  of  time. 

Any  of  the  chemicals  previously  mentioned  may  be  used  with  mercury  for 
brightening  the  plates.  The  idea  is  gaining  ground,  however,  that  the  use  of 
chemicals  is  to  be  avoided  as  much  as  possible,  and,  as  shown  in  Table  336,  potas- 
sium cyanide  is  almost  the  only  chemical  used  to-day.  Even  this  is  to  be  used 
very  sparingly,  not  only  because  of  its  well-known  property  of  acting  ae  a  solvent 
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for  gold,  but  also  because  an  excess  of  it  is  said  to  be  harmfal  to  the  plates. 
W.  J.  Loring  and  others  hold  that  too  much  cyanide  causes  the  amalgam  to  be- 
come hard  and  glassy.  The  immediate  effect  of  adding  cyanide  is  to  cause  the 
mercury  to  drain  away  from  the  amalgam. 

According  to  John  Hays  Hammond^  1  or  2  pounds  of  potassium  cyanide  is 
sufficient  to  last  a  40-stamp  mill  a  year^  where  the  ore  or  water  contains  no  harm- 
ful ingredients.  At  Mill  77,  which  has  considerable  iron  pyrites  and  acid  water, 
260  pounds  per  year  are  necessary  in  treating  28,793  tons  of  ore  with  75  stamps. 

At  Mill  62  the  plates  are  dressed  with  a  wash  made  by  adding  sodium  amal- 
gam, the  size  of  a  pea,  to  1  pound  of  mercury,  which  has  been  well  cleaned  with 
dilute  nitric  acid.  This  mixture  is  covered  with  a  strong  solution  of  potassium 
cyanide  and  allowed  to  stand  about  three  days,  until  all  signs  of  working  have 
ceased.  A  weak  solution  of  sulphate  of  iron  (Ferrous  sulphate)  is  finally  added 
and  the  wash  kept  in  a  tightly  corked  bottle,  as  it  will  spoil  if  exposed  to  the 
air.  Whatever  of  value  this  receipt  may  have  is  probably  due  to  the  fact  that 
the  mercury  is  entirely  free  from  oxygen. 

The  last  plate  in  the  line  is  often  difficult  to  keep  in  good  condition  unless 
it  is  silver  plated.  This  is  due  to  the  fact  that  the  amount  of  amalgam  whidi 
collects  on  it  is  very  small,  and  often  not  sufficient  to  prevent  the  plate  from  being 
scoured  down  to  copper,  and  consequently  liable  to  stain.  For  this  reason,  it 
is  an  advantage  to  have  plates  made  in  sections,  which  can  be  moved  around  in 
rotation  (see  §  520). 

The  consideration  of  the  individual  methods  of  dressing  plates  will  be  re- 
served to  be  taken  up  jointly  with  methods  for  removing  accumulated  amalgam. 

§  532.  Cleaning  or  the  Removal  of  Accumulated  Amalgam  fbom  Plates. 
— ^As  shown  in  Table  336,  this  takes  place  at  intervals  varying  all  the  way  from 
1  day  (24  hours)  to  30  days.  The  former  is  by  far  the  more  common,  and  in 
a  few  mills  the  cleaning  occurs  at  the  same  time  as  the  dressing.  It  is  claimed 
that  more  amalgam  is  obtained  by  frequent  cleaning,  but  it  is  a  question  which 
will  be  decided  by  the  ledger  whether  the  increase  is  sufficient  to  pay  for  the 
additional  time  lost  in  cleaning. 

In  a  general  way,  the  cleaning  consists  of  the  softening  up  of  the  amalgam  by 
the  use  of  quicksilver  rubbed  in  with  a  cloth  or  brush,  and  the  collection  of  the 
amalgam  by  a  rubber  scraper.  A  steel  scraper  for  removing  patches  of  hard 
amalgam  is  recommended  in  some  mills  and  condemned  in  others.  After  the 
amalgam  is  removed,  the  plate  is  dressed  and  is  then  ready  for  use  again.  It  is 
found  in  most  mills  that  cleaning  plates  in  the  way  just  indicated  does  not  re- 
move all  the  amalgam,  but  that  there  is  a  tendency  for  a  layer  of  hard  amalgam  to 
gradually  build  up  which  cannot  be  removed  except  by:  (a),  prolonged  scraping; 
or  (6),  "sweating*  with  boiling  water  or  hot  sand ;  or,  in  some  cases  (c),  by  ham- 
mering and  buckling  the  plate ;  or  (d),  by  acid  treatment.  A  thin  coating  of  amal- 
gam should  always  be  left  after  cleaning  in  order  to  have  the  plate  retain  its  effi- 
ciency as  a  cateher  of  gold.  It  is  generafly  considered  better  not  to  allow  this  hard 
amalgam  to  collect  to  any  great  extent  as  it  is  liable  to  make  the  plates  work 
unevenly.  It  also  represents  so  much  capital  tied  up,  and,  finally,  it  is  a  temp- 
tation to  theft.  In  custom  mills,  its  growth  will  cause  an  "overlapping*'  error 
with  each  succeeding  run,  which  can  hardly  be  tolerated. 

8  533.  Details  op  Methods  for  Dressing  and  Cleaning  Plates. — For 
purposes  of  illustration,  the  details  of  the  methods  of  dressing  and  cleaning 
as  practiced  in  several  mills,  will  now  be  given.  At  Mill  73  the  cleaning  ana 
the  dressing  are  done  at  the  same  time.  The  description  which  is  here  given 
is  largely  taken  from  W.  J.  Loring.*^ 

The  first  22  feet  of  plates,  or  No.  1  sluice  plates,  are  dressed  and  cleaned  every 
morning,  two  men  usually  working  adjoining  batteries.    As  has  previously  been 
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noted,  these  plates  are  double  in  this  mill,  so  that  it  is  merely  necessary  to  plug 
out  one  plate,  turning  the  whole  pulp  on  the  other,  which  does  double  work 
during  the  time  of  cleaning  and  dressing.  The  plates  are  first  hosed  off  with 
clean  water  to  remove  all  sand,  sprinkled  with  sufficient  quicksilver  to  wet  them 
all  over  and  scrubbed  with  a  whisk  broom  to  loosen  as  much  amalgam  as  possi- 
ble. They  are  then  rubbed  down  with  apiece  of  75%  pure  india-rubber  gum 
^  inch  thick  and  4X7  inches  in  size.  Tne  amalgam  so  collected  is  removed 
by  an  amalgam  scoop.  The  plates  are  again  rubbed  with  the  whisk  broom,  mer- 
cury being  sprinkled  on  at  the  head  as  required.  The  last  section  is  always 
brushed  upward  from  the  extreme  end,  so  that  in  case  any  amalgam  should  be 
hanging  to  the  edge  of  the  plate,  it  will  be  brushed  up  to  where  it  can  be  readily 
seen  and  picked  up.  Every  five  or  six  days,  a  weak  solution  of  potassium  cyanide 
made  by  dissolving  two  or  three  lumps  of  cyanide  in  a  pail  of  water,  is  used. 
The  time  required  for  two  men  to  dress  24  plates,  each  22  feet  long  and  2  feet 
wide,  is  from  1^  to  2  hours.  Once  a  month,  on  the  day  before  the  batteries  are 
to  be  cleaned  up,  these  plates  are  scraped  for  removing  the  hard  amalgam,  as 
follows:  After  the  soft  amalgam  has  been  removed  with  a  rubber  scraper,  as 
previously  described,  then  the  surface  is  scraped  with  steel  scrapers,  made  of  old 
files  bent  at  right  angles  about  2  inches  from  one  end  and  ground  to  a  sharp 

edge,  as  shown  in  Fig.  436.     The  edge  should  be  per- 
^  ^   fectly  straight  across,  except  at  the  corners  where 

it  is  slightly  rounded.  The  amalgam  is  nowhere 
entirely  removed,  the  purpose  of  the  scraping  being 
merely  to  reduce  it  to  a  thin  film.  Most  of  the 
scraping  is  needed  upon  the  upper  part  of  the  plates, 
WO.  436. — SCRAPER.  ^  ^^j^  ^^  exception  of  a  few  isolated  spots,  the 
amalgam  does  not  accumulate  to  much  thickness 
below  the  first  8  feet.  Great  care  is  taken  in  using  scrapers  on  silvered 
plates,  as  it  takes  but  little  scraping  to  cut  the  silver,  which  not  only  spoils  the 
plates,  but  makes  a  very  low  grade  of  bullion.  The  amalgam  removed  is  trans- 
ferred to  an  enamel-lined  cast  iron  kettle  by  an  amalgam  scoop.  The  plates  are 
next  sprinkled  with  quicksilver  and  scrubbed  thoroughly  with  a  whisk  broom, 
care  being  had  to  put  quicksilver  on  all  parts.  Then  the  amalgam  is  collected 
again,  using  only  a  rubber  and  scoop  to  transfer  it  to  the  kettle.  After  going 
over  the  plate  once  more  with  a  whisk  broom,  sprinkling  a  little  quicksilver  at 
the  head  as  required,  the  pulp  is  turned  on  ana  operations  are  resumed.  For 
this  monthly  cleaning  and  scraping  of  the  twelve  pairs  of  No.  1  sluice  plates, 
the  force  required  is  six  men  for  four  and  one-half  hours,  and  then  four  men 
for  one  and  one-half  hours. 

In  this  mill  nothing  is  done  to  the  8  feet  of  No.  2  sluice  plate  except  at  the 
time  of  the  fortnightly  clean  up  of  the  mill.  At  that  time,  the  water  is  turned 
off,  the  stamps  hung  up,  the  plates  hosed  off,  scraped  with  a  steel  scraper  and  the 
amalgam  removed.  Next  quicksilver  is  sprinkled  on  and  the  plates  scrubbed 
with  a  whisk  broom,  and  amalgam  is  collected  by  a  rubber  and  removed.  Fin- 
ally they  are  dressed  with  quicksilver  and  a  whisk  broom.  The  plates  on  the 
vanner  distributors  are  dressed  and  cleaned  every  week  in  the  same  way  as  the 
sluice  plates  just  described,  except  that  the  stamps  are  not  hung  up,  but  the 
vanner  is  simply  stopped,  and  the  pulp  coming  to  it  is  diverted  to  another 
vanner,  which,  temporarily,  does  double  work. 

The  preceding  description  covers  the  re^lar  treatment  of  all  the  plates  in 
Mill  73.  There  is,  however,  an  additional  cleaning  which  takes  place  after 
a  plate  has  been  in  use  a  long  time,  and  the  silver  has  scoured  off  in  spots  which 
makes  it  very  troublesome  to  keep  in  good  condition.  In  this  case,  the  plate 
is  taken  out,  the  soft  amalgam  is  first  removed  by  the  rubber  and  put  by  itself. 
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then  the  hard  amalgam  is  scraped  off  until  the  copper  appears^  and  this  is  put 
by  itself.  Finally  a  layer  of  tiie  copper  is  scraped  off^  and  the  plate  is  sent  to 
be  silver  plated,  as  described  in  §  529,  or,  if  it  is  in  very  bad  condition  from 
dents  and  wear,  it  is  cut  up,  melted  into  bars  and  sold  for  the  gold  and  silver 
which  it  contains. 

At  Mill  57  the  hard  amalgam  which  gradually  accumulates  on  the  plates,  is 
removed  periodically  by  first  softening  it  by  pouring  boiling  water  over  the 
plates  or  by  immersing  them  in  boiling  water.  The  softened  amalgam  is  then 
easily  scraped  off.  After  a  six  months^  interval,  this  process  of  ^^sweating,"  as 
it  is  called,  yielded  1,703  ounces  of  amalgam,  from  which  600  ounces  of  gold 
were  obtained,  valued  at  $10,524.82.  This  was  from  the  plates  of  forty  stamps. 
At  Mill  59,  which  also  has  40  stamps,  this  process  of  sweating  yielded  $19,000 
from  the  outside  plates  after  an  interval  of  1^  years. 

Mr.  E.  R.  Woakes^^  tells  of  a  mill  in  which  the  gold  was  of  a  high  fineness, 
often  of  940,  and,  at  the  same  time,  very  finely  divided,  and  the  amalgam,  which 
remained  after  cleaning  every  8  hours,  was  very  hard  even  though  mercury 
was  used  in  considerable  excess.  To  remove  this,  after  one  month,  by  a  steel 
scraper  from  a  lip  plate  48  inches  by  10  inches,  took  a  man  half  a  day.  This 
difficulty  was  overcome  by  the  use  of  hot  sand  at  the  time  of  the  monthly  clean- 
ing. For  the  lip  plates,  this  is  applied  by  placing  them  in  a  box  with  layers 
of  the  sand  between  them,  which  has  been  previously  heated  to  near  a  dull  red 
heat.  After  about  half  an  hour,  these  are  taken  out  by  tongs  and  scraped,  the 
amalgam  coming  off  like  butter.  The  upper  4  feet  of  the  apron  plates  also 
have  hot  sand  spread  upon  them.  As  it  cools  it  is  replaced  by  more  hot  sand, 
until  a  trial  shows  the  plates  to  be  soft.  Ten  minutes^  application  of  the  scraper 
then  takes  off  the  amalgam  and  leaves  the  plates  in  good  condition  for  catching 
the  gold. 

§  534.  At  Mill  67  the  plates  are  rubbed  up  with  a  brush  or  chamois  skin 
every  half  hour.  Every  6  hours  they  are  dressed  with  mercury.  They  are 
cleaned  after  each  run,  which  usually  lasts  13  days.  The  method  is  as  follows: 
The  stamps  are  hung  up,  the  water  shut  off,  and  the  sand  washed  off  the  plates 
with  a  hose.  Mercury  is  sprinkled  from  the  hand  over  the  upper  3  feet  of  the 
plate,  and  then  spread  transversely  by  a  flat  paint  brush  5  mches  wide.  The 
whole  plate  is  gone  over  in  this  way.  Then  the  whole  plate  is  rubbed  down  with 
chamois  skin  from  the  top  toward  the  middle,  and  from  the  bottom  up  toward 
the  middle.  All  pimples  are  removed  by  a  scraper  made  from  an  old  saw  blade. 
Amalgam  is  then  removed  by  rubber  and  scraper  to  a  bowl.  The  plate  is  again 
brushed  transversely  to  spread  the  mercury,  the  water  is  turned  on  and  the  stamps 
started. 

Every  month  or  two,  in  order  to  remove  the  accumulations  of  hard  amalgam 
not  removed  by  the  preceding  treatment,  without  recourse  to  scraping  with  a 
chisel,  a  coarse  blanket,  so  folded  as  to  fit  the  plate  snugly,  is  placed  over  the 
plate.  Then,  by  means  of  a  pipe  and  hose,  a  stream  of  hot  water  is  run  over 
this  blanket,  keeping  it  thoroughly  saturated  until  the  plate  is  well  heated 
through  to  the  wooden  backing  beneath  it.  Next,  beginning  at  the  top,  a  strip 
of  blanket  about  6  inches  wide  is  turned  down  and  with  a  scraper,  made  of  a 
bit  of  old  saw  blade,  the  accumulated  amalgam,  which  parts  easily  from  the 
plate  after  this  heating,  is  rapidly  and  thoroughlv  removed.  During  this  scrap- 
ing process  the  hot  water  is  still  running  over  the  blanket  below,  so  that  when 
the  first  six  inches  is  finished  the  blanket  is  rolled  down  another  six  inches,  and 
the  process  repeated  until  the  whole  surface  of  the  plate  is  cleaned.  This  treat- 
ment is  found  to  keep  the  plates  in  good  condition.  It  is  not  advisable  to  let 
the  amalgam  accumulate  over  three  months,  as  the  plates  get  too  valuable  to  be 
left  in  the  mill. 
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At  Mill  66  the  dresemg  and  cleaning  are  done  at  the  same  time  every  morn- 
ing. Two  men  work  together.  The  water  supply  of  the  battery  is  first  shut  off, 
the  stamps  are  hung  up.  The  splash  board  is  removed,  washed  at  the  head  of  the 
apron  plate  with  water  through  a  hose,  and  placed  at  the  lower  end  of  the  plate. 
The  hose  is  then  turned  on  the  screen  and  apron  plates  to  remove  all  sands  that 
have  collected  there  and  which  would  scratch  the  plate.  The  plate,  if  normal, 
is  clear  and  bright  except  for  occasional  spots,  so  called  blisters,  resulting  from 
iron  and  copper  salts.  These  are  removed  by  a  scraper  in  the  form  of  a  blunt 
double  ended  straight  chiseL  Then  the  two  men  loosen  the  amalgam  with  heav}^ 
whisk  brushes,  beginning  at  the  top  and  working  downward.  When  this  is 
done,  the  amalgam  is  swept  in  the  opposite  direction  and  collected  at  the  head 
of  the  apron  plate.  There  it  is  brushed  into  the  amalgam  scoop  with  a  rubber 
scraper  (a  small,  sharp-edged  piece  of  belting)  and  emptied  into  a  small  iron 
receiver.  After  this,  the  plates  are  brightened  by  brushing  them  with  a  whisk 
broom,  using  tailings  moistened  with  a  dilute  solution  of  potassium  cyanide,  the 
men  working  from  the  head  of  the  plate  downward.  If  necessary,  a  little  quick- 
silver is  sprinkled  on  the  plate  from  a  bottle,  over  the  neck  of  which  a  piece 
of  canvas  is  securely  tied.  After  being  brightened,  the  plates  are  smoothed 
with  soft  paint  brushes  passed  transversely  over  them,  beginning  at  the  bottom. 
This  finishes  the  operation,  which  requires  ten  minutes  per  battery. 

§  535.  At  Mill  82  the  dressing  of  the  lip  and  apron  plates  is  done  much  more 
frequently  than  the  cleaning,  and  consequently  the  processes  are  entirely  distinct 
The  plates  are  dressed  every  two  hours  with  a  brush,  a  good  whitewash  brush 
being  preferred.  The  stamps  are  hung  up  and  the  plate  washed  with  clear 
water,  which  exposes  the  surface.  The  surface,  if  soft,  needs  very  little,  if  any, 
mercury.  It  is  generally  harder  at  the  top  than  at  the  bottom,  in  which  case  a 
little  mercury  is  sprinkled  on.  Then  the  plate  is  brushed  in  waves,  beginning 
at  the  bottom  comer  and  working  the  amalgam  toward  the  top  and  inward  at 
the  same  time,  not  omitting  the  smallest  portion  of  the  plate.  The  brush  is 
drawn  across  the  full  width  of  the  plate,  which  forms  the  amalgam  in  miniature 
riflBes.  Very  little  mercury  is  needed  as  a  rule  at  the  lower  end  of  the  plate.  A 
weak  solution  of  potassium  cyanide  is  used  when  necessary. 

The  cleaning  of  the  plates  takes  place  every  24  hours.  The  surface  of  the 
plates  is  first  washed.  Then  the  amalgam  is  slightly  softened  and  loosened  by 
sprinkling  a  small  quantity  of  mercury  over  the  plate  and  rubbing  the  surface 
with  a  cloth  or  whisk  brush,  after  which  the  amalgam  is  removed  with  a  stiff 
rubber  scraper  4  inches  wide,  made  out  of  rubber  belting.  The  use  of  a  steel 
scraper  is  not  allowed  except  for  the  removal  of  blisters  or  any  fixed  impurities 
which  may  occasionally  be  found  on  the  plate. 

In  this  mill  the  hard  amalgam  is  allowed  to  build  up  on  the  plate,  it  having 
been  found  impossible  to  remove  it  by  a  steel  scraper  without  injury  to  the 
plate,  owing  to  the  extreme  hardness  of  the  scale,  and  experience  has  further 
shown  that  more  gold  and  silver  are  saved  by  a  plate  covered  with  this  hard 
amalgam  than  by  one  not  so  covered  or  one  that  has  been  scraped  with  a  steel 
scraper.  After  three  or  four  years  the  plates  are  taken  out  and  the  amalgam 
on  them  removed.  To  do  this,  "sweating**  with  hot  water  was  tried,  but  the 
only  result  was  the  salivation  of  the  workmen  while  the  amalgam  still  remained 
on  the  plate.  Immersing  the  plates  in  chemical  solution  succeeded  no  better. 
The  most  efficient  method  was  to  buckle  the  plate  by  striking  the  back  and  front 
of  it  with  a  light  hammer,  a  small  block  of  wood  boing  used  to  deaden  and  dis- 
tribute the  blow.  This  causes  the  amalgam  to  scale  off,  leaving  only  a  thin  film, 
which  is  subsequently  removed  with  a  chisel  or  scraper.  The  following  is  an 
average  example  of  tne  yield.  An  apron  plate  8  feet  long  and  54  inches  wide, 
after  having  been  in  continual  use  for  3  years  and  10  months,  had  an  accnmula- 
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tion  of  amalgam  on  it  no  less  than  0.16  inch  thick  at  the  head  end  and  gradu- 
ally decreasing  to  barely  0.0625  dV)  inch  at  the  lower  end.  When  removed, 
this  amounted  to  160  pounds  avoirdupois.  Retorting  reduced  this  to  60.6 
pounds  or  38%  of  crude  bullion  and  melting  produced  a  gold  bar  weighing 
866.1  ounces  Troy,  which  had  a  total  fineness  of  993.9,  being  431.4  fine  in  gold 
and  562.5  fine  in  silver.  Its  total  standard  value  was  $8,340.64.  During  the 
time  the  plate  was  in  use,  the  battery  crushed  14,942  tons  of  ore,  containing 
about  J  ounce  of  gold  and  7  to  12  ounces  of  silver  per  ton  of  2,000  pounds,  and 
there  were  recovered  from  the  plate  6,426  ounces  of  bullion,  which  was  541.5 
fine  in  gold  and  443.9  fine  in  silver.  Its  total  standard  value  was  $76,184.20. 
The  removal  of  the  hard  amalgam  made  the  platie  unfit  for  further  service,  so 
that  after  every  visible  portion  of  amalgam  had  been  removed  it  was  cut  up 
and  melted  into  a  bar.  This  bar  contained  8.96  ounces  gold  and  9.62  ounces 
silver  and  its  value  was  more  than  double  the  cost  of  a  new  plate. 

So  great  an  accumulation  as  indicated  by  the  preceding  figures,  has  been  the 
cause  of  considerable  discussion  and  even  criticism.  Its  occurrence  is  due  to 
the  extreme  hardness  of  the  amalgam,  which  makes  the  use  of  a  steel  scraper 
unwise.  Why  the  amalgam  is  so  hard  in  this  mill  is  not  satisfactorily  explained. 
In  another  mill,  where  the  same  trouble  occurred,  it  was  ascribed  to  the  fact 
that  the  plates  are  run  too  "wet,"  that  is,  with  too  much  quicksilver  on  them, 
and  to  the  too  liberal  use  of  potassium  cyanide,  both  of  which  tend  to  make  the 
amalgam  hard.  The  proof  that  these  were  the  causes  was  that  there  was  no  such 
trouble  when  the  amount  of  mercury  and  cyanide  used  was  reduced.  The  hard- 
ness does  not  appear  to  be  due  to  the  presence  of  a  large  amount  of  silver  in  the 
ore,  as  experience  at  this  mill  tends  to  show  that  silver  amalgam  is  not  so  stiff 
and  hard  as  gold  amalgam.  That  the  hardness  of  the  amalgam  is  due  to  the 
lower  percentage  of  quicksilver  that  it  contains,  is  shown  by  the  fact  that  the 
acccumulated  scale  contains  38  %•  bullion,  whereas  amalgam  from  the  daily 
cleaning  never  contains  more  than  20,  and  frequently  not  more  than  10%. 

The  author^s  theory  of  the  cause  of  hard  amalgam  is  entirely  mechanical.  If, 
for  any  cause,  the  amalgam  is  allowed  to  flow  on  plates,  only  the  fluid  or  No. 
1  amalgam  (see  §  614),  flows  away,  leaving  behind  a  hard,  crystalline  amalgam. ' 
Anything  which  will  tend  to  cause  this  flowing  will  tend  to  cause  hard  amalgam. 
For  example:  (a)  Excessive  jarring  of  the  plates.  (&)  An  excess  of  mercury 
put  on  the  plates  will  start  the  flow,  and  the  flow  once  started  will  continue  until 
amalgam  left  is  drained  almost  dry  and  becomes  hard,  (c)  Cyanide  of  potas- 
sium will  soften  up  plates  temporarily  and  start  the  flowing  the  same  as  an 
excess  of  mercury.  In  Mill  82  the  plates  are  connected  directly  to  the  battery, 
a  large  amoimt  of  mercury  is  used  on  them  since  the  amalgamating  pans  catch 
any  uat  is  lost  from  the  plates,  and  a  considerable  amount  of  cyanide  is  used. 
With  all  three  of  these  causes  acting,  it  is  possible  that  one  or  more  of  them  may 
be  the  cause  of  the  hard  amalgam. 

This  statement  that  an  excess  of  mercury  causes  hard  amalgam  appears  at 
first  sight  to  conflict  with  that  given  in  §  630  that  amalgam  can  be  softened  up 
by  addmg  more  mercurjr.  The  author  is  satisfied  that  there  is  something  in  the 
conditions,  not  yet  explained,  which  makes  both  statements  true.  The  analogy 
of  a  macadamized  road,  which  is  made  muddy  by  a  little  rain,  but  which  dries 
up  quickly  to  a  hard  surface  after  a  pouring  rain,  is  another  case  where  the  same 
cause  gives  opposite  results  owing  to  changed  conditions. 

8  536.  At  Mill  77  the  plates  are  dressed  every  12  hours  with  a  mop,  using  a 
solution  of  2  ounces  of  potassium  cyanide  in  3  gallons  of  water.  They  are 
cleaned  every  24  hours.  Usually  a  rubber  belt  scraper  is  all  that  is  requiried  to 
remove  the  amalgam,  but  if  it  cakes  on  the  plate  making  a  hard  and  rough  sur- 
face, a  steel  scraper  is  necessary.     A  little  quicksilver  is  sprinkled  over  the  upper 
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part  of  the  plate  after  removing  the  amalgam^  and  finally  it  is  mopped  with  the 
solution  of  potassium  cyanide.  With  the  above  treatment  the  accumulation  of 
amalgam  occurs  only  slightly,  if  at  all,  in  this  mill.  Even  after  10  years  of 
service,  an  apron  plate  12  feet  long  and  64  inches  wide,  when  scoured  for  several 
hours  with  tailings,  hot  water  and  quicksilver,  yielded  amalgam  only  to  the  value 
of  $100.  Smelting  the  remainder  of  the  plate  yielded  about  $150,  or  about  8 
ounces  of  fine  gold.  The  bullion  in  this  mill  averages  740  fine  in  gold  and  220 
in  silver. 

Some  of  the  ores  treated  in  this  custom  mill  have  a  strong  tendency  to  form 
hard  amalgam  on  the  plates,  but  this  has  to  be  removed  at  the  end  of  the  run, 
which  is  easily  done  by  a  steel  scraper  and  without  injury  to  the  plates.  In  fact, 
the  plate  is  said  to  be  in  better  shape  for  catching  gold  after  the  hard  amalgam 
is  removed.  The  scrapers  used  are  made  of  steel  \j  inch  thick,  about  3  inches 
wide  and  ground  square  across  so  as  to  give  two  right  angled  edges.  There  are 
plates  on  the  bumping  tables  of  this  mill  upon  which  amalgam  accumulates  which 
cannot  be  entirely  removed  by  a  steel  scraper  and  can  only  be  fully  recovered 
when  the  table  is  worn  out.  This  is  another  instance  of  extreme  jar  and  very 
hard  amalgam  associated  together. 

At  the  Fortuna  mill,  Bendigo,  the  hard  amalgam  is  removed  from  the  plates 
every  six  months  by  acid  (the  kind  of  acid  is  not  given).  According  to  Bickard, 
this  acid  treatment  is  injurious  to  the  plate  as  it  robs  it  of  ite  surface  of  gold 
amalgam.  One  clean  up  of  eighteen  plates  yielded  646  ounces  of  amalgam 
giving  235  oimces  and  4  pennyweights  oi  gold. 

A  neat  tool  used  by  Sperry  for  loosening  amalgam,  is  made  from  a  conmion 
putty  knife  by  cutting  off  about  one-half  of  its  length  and  grinding  so  as  to  have 
a  slight  bevel. 

It  frequently  happens  on  plates  which  have  not  been  properly  cared  for,  or 
which  have  been  too  closely  scraped,  that  obstinate  spots  will  occur,  which  in- 
crease in  size  as  time  goes  on.  Such  snots  formed  in  Mill  69  by  the  removal  of 
a  layer  of  hard  amalgam  which  exposea  the  copper  in  places.  They  are  covered 
with  "verdigris"  while  running  and  are  surrounded  by  an  irregular  ridge  of  hard 
amalgam.  They  will  coat  over  with  amalgam  during  the  dressing  of  the  plates, 
but  when  the  pulp  is  started  again  they  are  soon  scoured  to  bare  copper.  The 
treatment  usea  for  them  in  Mill  69  is  to  first  dress  the  plates  witn  mercury, 
followed  by  a  wash  with  dilute  cyanide  solution.  Then  spread  tailings  over  the 
spot  and  rub  vigorously  with  a  wooden  block.  A  little  nitrate  of  mercury  may 
be  used  to  good  advantage.  The  rubbing  is  continued  until  a  smooth  and  uni- 
form surface  is  obtained.  The  fine  tailings  used  should  be  saved  and  treated  in 
the  clean  up  barrel.  By  repeating  this  process  every  time  the  plates  are  dressed, 
it  will  be  found  that  the  spread  of  the  spots  is  quickly  arrested  and  then  their  size 
gradually  diminishes  until  after  a  month  or  two  they  have  disappeared  entirely. 

For  the  stains  which  remain  after  scrubbing  with  a  gunny  sack  and  sand  and 
rubbing  in  mercury  with  a  chamois  skin,  Hardman  uses  the  following  procedure : 
The  plate  is  thoroughly  cleaned  and  dried,  scraped  with  a  chisel  until  all  oxide 
is  removed  and  the  copper  is  bright.  Then  mercury  is  thoroughly  rubbed  in  with 
canvas  or  chamois  moistened  with  potassium  cyanide.  When  well  coated,  the 
spots  are  painted  over  with  very  fine  gold  amalgam,  prepared  as  previously  de- 
scribed in  §  527.     This  treatment  will  permanently  eradicate  the  spote. 

§  537.  Relative  Proportions  of  Gold  and  Silver  in  Daily  Amalgam  as 
Compared  with  Hard  Amalgam. — Table  337  shows  that  in  one  mill  the  total 
fineness  of  hard  amalgam  is  greater  than  that  of  daily  amalgam  and  in  the 
other  it  is  the  reverse.  The  proportion  of  ^o\A  to  silver  is  greater  in  the  daily 
than  in  the  hard  amalgam  in  both  mills,  but  this  is  exactly  the  reverse  of  what 
is  found  in  Mill  77  and  in  the  Cross  mill  (see  §  538).     The  author  is  inclined  to 
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believe  that  there  is  no  rule  about  this  matter,  but  that  the  proportions  will  vary 
with  the  conditions. 

C.  M.  Fenner  found  that  if  soft  gold-silver  amalgam  is  squeezed  between  glass 
plates  so  as  to  separate  a  softer  part  which  oozed  out  in  drops  from  a  harder  part 
that  was  left,  the  harder  part  had  a  larger  ratio  of  silver  to  gold  than  the  softer 
part,  and  he  argues  that  the  rubber  scraper  practically  does  the  same  thing  as 
the  glass  plates. 

TABLE  337. — ^PROPORTIONS  OF  GOLD  AND  SILVER  IN  DAILY  AMALGAM  AND  HARD 

AMALGAM. 


Daily  AnuUgEm. 

Hard  Amalgam. 

Fineness. 

Ratio  Gold 
to  Silver. 

Fineness. 

RaUo  Gold 
toSUver. 

Gold. 

SQyer. 

Total 

Gold. 

Bilver. 

Total. 

Miim 

541.6 
000 

448.9 
860 

966.4 
960 

1.89 
1.714 

481.4 
460 

60B.6 

800 

998.9 
760 

0.787 

n  BOfmoio  mil] 

1.60 

§  538.  Relative  Proportions  of  Qold  and  Silver  on  Successive  Plates. — 
The  gold  is  canght  earlier  than  the  silver  since  silver  has  less  tendency  to  amal- 
gamate than  gold.  The  ratio  of  gold  to  silver  in  amalgam  is  therefore  less  the 
farther  the  amalgam  is  from  the  battery.  The  most  complete  figures  to  illus- 
trate this,  are  those  shown  in  Table  338,  obtained  by  Sperry  with  a  Tremain 
steam  stamp  at  the  Cross  mill,  Colorado.  This  mill  has  no  inside  plates.  The 
apron  plates,  shown  in  Fig.  430,  are  all  54  inches  wide  and  2  feet  long,  except 
the  first  one  which  is  8  feet  long.  The  hard  amalgam  was  all  obtained  from  the 
No.  1  apron  plate.    This  table  shows  that  the  ratio  of  silver  to  gold  increases 

TABLE  338. — AMOUNT  AND  VALT7E  OF  AMALGAM  AT  THE  CROSS  MILL. 


when  Obtained. 


Weteht  of 

Bullion. 

Mg. 


Percent  Bullion 
to  of  Amalgam. 


Gold. 
(l^OOOths) 


Silver. 
(I,000tb8) 


Hard  amalgam  from  No.  1  apron  plate. . 

Lip  plates !7..... 

No.  1  mpeoan^X^ 

Xa  S  apron  plate 

No.  8  apron  plate 

Na  4  apron  plate 

NouSaprooplate 


5,000 
1000 
(a)  1,800 
4,000 
9,000 
8,000 
8,000 


1,607 
1,810 
418 
686 
807 
900 
496 


89.1 
88.8 
89.9 
18.1 
16.8 
18.0 
14.0 


840.0 
887.7 
781.9 
S75.9 
666.6 
666.8 
647.6 


160.1 
178.8 
918.8 
424.8 
488.4 
444.9 
468.6 


(a)  Low  since  the  hard  amalgam  haa  been  removed. 

from  189:  1,000  in  the  hard  amalgam  from  the  first  apron  plate,  to  826:  1,000 
on  the  No.  6  apron  plate.  Observations  in  Mills  77  and  82  corroborate  the 
facts  indicated  by  the  table. 

Under  certain  conditions  this  law  of  increase  in  the  ratio  of  silver  to  gold  is 
more  or  less  modified,  as  will  be  seen  from  Table  339.  In  case  (a),  the  last 
three  plates  were  originally  plated  with  one  ounce  of  silver  per  square  foot  and 
they  had  been  in  use  about  a  year.  In  case  (&),  the  plates  had  been  in  use  only 
about  six  months.  A  comparison  of  {a)  and  (&)  shows  that  the  proportion  of 
silver  in  the  amalgam  is  higher  in  the  latter  case  and  indicates  that  the  silver 
used  in  plating  is  gradually  scraped  off  with  the  amalgam.  Note  that  the  last 
plate  in  (a)  yields  amalgam  of  about  the  same  fineness  in  gold  and  silver  as  all 
the  plates  of  (&).  It  is  only  after  the  silver  plating  has  been  largely  removed 
that  the  ratio  of  gold  to  silver  decreases  as  the  distance  from  the  mortar  increases. 
The  fact  that  the  silver  of  the  plates  goes  into  the  amalgam  is  further  shown  for 
another  mill  in  (c).  This  is  presumably  a  custom  mill  treating  different  kinds 
of  ore.  The  runs  bracketed,  however,  were  made  at  the  same  time  in  adjoining 
batteries  on  similar  types  of  ore  and  in  a  few  instances,  as  noted,  on  the  same 
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identical  ore.  In  abnoet  every  instance  the  fineness  in  silver  is  higher  in  the 
amalgam  from  the  silver  plated  plates  than  from  the  copper;  also  the  amalgam 
from  a  new  silver  plated  plate  has  a  higher  silver  fineness  thaii  that  from  an  old 
one.  The  reason  for  this  is  that  there  is  more  silver  on  the  newly  plated  plate, 
and  hence  more  goes  into  the  amalgam. 

§639.  Distribution  of  Amalgam. — ^The  greatest  amount  of  amalgam  is 
generally  obtained  at  the  battery  and  the  amount  decreases  as  the  distance  from 
the  battery  increases;  also  since  coarse  gold  is  caught  sooner  than  fine,  it  follows 
that  more  amalgam  is  obtained  at  the  battery  and  less  at  the  foot  of  the  plates 
where  the  gold  is  coarse  than  where  it  is  fine.    To  illustrate  these  statements, 

TABLE  339. — ^RATZO  OF  GOLD  TO  SILVER  IN  PLATE  AMALGAM. 


Amalgam  from 


Fineneflsin 


Gold. 


SOyer. 


Ratio  of 
Gold  to  SUver. 


(a)  Homestake  MUl,  Black  HlUs,  South  Dakota.    Testa  made  in  1897. 


Inside  plate 

Copper  plate,  flrst  row 

Silvered  plate,  second  row. 
Silvered  plate,  third  row . . 
Silvered  plate,  fourth  row. 


818 

168 

618 

175 

664 

881 

618 

87B 

518 

466 

4.87  to  1 
4.66tol 
1.97tol 
1.64  to  1 
1.10  to  1 


(6)  Homestake  MllL    Tests  made  in  1899. 


Silvered  plate,  second  row  . 
Silvered  plate,  third  row. . . 
Silvered  plate,  fourth  row. . 


664 

669 
666 


421 


1.84tol 
1.35  to  1 
1.99  to  1 


(e)  Rejmolds  Mill,  White  County,  Georgia. 


Silver  plated  plate 

Silver  plated  plate 

Copper  plate , 

Silver  plated  plate 

Copper  plate 

Silver  plated  plate 

Copperplate 

Silver  plated  plate 

Copper  plate 

Silver  plated  plate 

Copperplate 

Silver  plated  plate 

Copper  plate 

Silver  plated  plate 

Copperplate 

Silver  plated  plate 

Silver  plated  plate 

Copperplate 

Silver  plated  plate 

Copper  plate 

Old  silver  plated  plate. . . 
New  silver  plated  plate. 
Old  silver  plated  plate. . . 
New  silver  plated  plate. . 

Mortar 

Old  silver  plated  plate.. . 

Mortar 

New  silver  plated  plate. . 


819 

141 

709 

181 

684 

00 

776 

108 

865 

•117 

790 

148 

ses 

67 

689 

151 

610 

89 

798 

107 

789 

79 

801 

180 

770 

•90? 

891 

109 

867 

187 

806 

188 

868 

144 

t754 

01 

860 

117 

898 

00 

901 

81 

876 

106 

905 

87 

888 

101 

000 

01 

704 

100 

088.5 

00 

805 

186 

5.81  to  1 
4.95  to  1 
8.98  to  1 
7.18  to  1 
7.81  to  1 
5.04  to  1 
18.87  to  1 
4.88tol 
7.55  to  1 
7.46  to  1 

10.17  t9l 
4.45  to  1 

8.79  to  1 

5.07  to  1 
6.88  to  1 

4.80  to] 

5.08  to  1 
8.80  to  1 
7.34  to  1 
0.01  to  1 

11.18  to  1 
8.11  to  1 

10.40  to  1 

8.84  to  1 
0.89  to  1 
4.06  to  1 

15.56  to  1 

4.85  tot 


VDee.,  180a 

[jaiL,1808L 

;Febi,  18091 

Fely.,1800. 

(Sameom) 
,Man^l800. 

(Safneorai) 
'  March,  I809L 

(Same  ore.) 
April,  lOM. 

wuneora) 

April,  1690. 
April,  1890. 


Same  ore. 


in 


\vost 
baheries. 


•  The  copP2;,P!»tewf«  *«>  f  trips,  which  were  token  up  at  these  runs  and  the  under  surface  cleaned. 
t  Result  modified  Iqr  the  addition  of  a  little  impure  bullion  from  a  previous  clean  up. 

Table  340  has  been  prepared,  which  shows  the  results  of  two  tests  made  at  the 
Massachusetts  Institute  of  Technology,  using  no  inside  plates  and  five  outside 

TABLE  340. — ^DISTRIBUTION  OF  AMALGAM. 


TMNo. 

L 

XL 

Teat  No. 

I. 

n. 

Battery  amalgam 

First  plate 

14.678 
8.604   ( 
0.815   ( 
0.180 

10.1884 
0.1889 
0.006S 

Fourth  plate 

10.000 
0.060 
0.068 

80.0186 

Fifth  plate 

0.0016 

Third  pfate 

Mercury  trap 

0.0164 

plates,  each  6^  feet  long.     T^t  No.  I.  was  quartz  with  fine  gold  from  New 
Hampshire.    Lot  No.  II.  was  quartz  and  slate  with  coarse  gold  and  a  small 
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amount  of  sulphnrets  from  Nova  Scotia.    Another  example  is  shown  in  Table 
338. 

As  reported  by  the  mills  the  amounts  are  as  follows : 

Mill  67,  67%  in  battery,  23%  from  lip  and  apron  plates,  8%  from  first  sluice 
plate  and  2%  from  the  second. 

Mill  59,{  from  battery,  ^  from  plates. 

Mill  61,  \  from  battery,  |  from  plates. 

Mill  62,  rt  from  battery,  from  plates. 

Mill  67,-^  from  battery,  iV  from  plates. 

Mill  76,  when  gold  is  fine,  |  from  battery  and  \  from  plates ;  when  coarse,  f 
from  battery  and  |  from  plates;  of  that  caught  outside,  49  to  75%  comes  from  the 
upper  18  inches  of  plates. 

Mill  77,  \  each  from  back  inside,  front  inside  and  outside  plates;  none  from 
mortar  sands. 

Oldham  mill,  68.05%  from  mortar  sands,  23.40%  from  inside  plates  and 
8.55%  from  outside  plates. 

§  540.  Absorption  op  Amalgam  by  Copper  Plates. — ^It  is  claimed  that  cop- 
per plates  absorb  gold  amalgam  by  a  gradual  soaking  process.  The  scraping  o^ 
the  under  side  and  obtaining  gold  amalgam  therefrom,  nas  been  brought  forward 
as  demonstrating  the  fact  that  the  gold  amalgam  has  passed  through  the  plate 
(Keith  and  Hardman).  Further  evidence  is  from  Mills  73,  77  and  82,  all  of 
which  report  plates  scraped  down  to  bare  copper,  melted  down  and  sold  for  the 
gold  they  contain  (see  §  533,  §  535  and  §  536).  The  porous  nature  of  metals 
in  the  solid  state  may  allow  in  some  cases  a  very  gradual  penetration  of  the 
particles  of  one  into  the  other.  There  is  nothing  in  any  of  the  discussions  to 
show  that  the  creep  of  amalgam  around  the  edge  and  completely  covering  the 
rear  side  of  the  plate  has  been  taken  into  account.  To,  prove  that  the  gold  had 
penetrated  the  plate,  the  rear  side  should  have  been  scraped  as  well  as  the  front 
side  before  they  were  cut  up  and  melted. 

Mr.  W.  L.  Libbey  of  North  Brookfield,  Nova  Scotia,  holds  that  the  amalgam 
from  his  coarse  Nova  Scotia  gold  penetrates  the  plate  but  little.  The  author 
sought  to  ascertain  the  facts  by  testing  a  piece  of  his  plate.  The  plate  chosen 
had  been  used  three  years  continuously  in  various  positions  as  a  sluice  plate 
and  for  about  three  years  preceding  as  an  inside  battery  plate.  It  was  a  plain 
copper  plate  and  is  supposed  at  the  start  to  have  been  either  0.187  (  ^  )  inch 
or  0.156  (^)  inch  thick.  As  a  battery  plate  it  had  pass  over  it  about  3,000  tons, 
yielding  about  $16  per  ton,  and  as  a  sluice  plate  it  nad  carried  about  7,500  tons 
of  ore,  yielding  about  $10  per  ton  bullion  value.  While  used  as  an  inside  plate, 
it  was  cleaned  with  a  metal  scraper  once  or  twice  a  month,  the  amalgam  not  being 
sufiiciently  removed  to  show  much  raw  copper.  While  used  as  a  3uice  plate,  it 
was  cleaned  up  with  the  aid  of  a  metal  scraper  and  brightened  once  a  month. 
It  had  been  scraped  many  times  until  patches  of  bare  copper  appeared.  The 
size  of  the  piece  taken  was  about  3  inches  long,  f  inch  wiae,  with  an  average 
thickness  of  0.0888  inch.  Successive  layers  were  removed  from  the  plate  by  a 
steel  scraper,  five  from  the  top  and  four  from  the  bottom  surface,  each  scraping 
being  kept  by  itself,  weighed  and  assayed  for  its  gold  and  silver  contents.  The 
part  of  the  plate  remaining  was  dissolved  in  nitric  acid  and  also  analyzed  for  its 
gold  and  silver  contents.  The  average  thickness  removed  by  each  scraping  was 
determined  by  measuring  with  a  micrometer  gauge  before  and  after.  The  top 
and  bottom  surfaces  were  practically  all  bright  copper  after  two  scrapings  each. 
The  results  of  the  work  are  given  in  Table  341.  Silver  was  also  determined, 
but  as  the  three  corrections  needed,  namely,  the  silver  in  the  copper,  that  in  the 
assay  lead,  and  the  per  cent,  of  copper  in  the  scrapings  were  not  all  known,  the 
results  are  not  given. 
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TABLE  341. — ABSORPTION   OF  AHALOAH  BY  COPPEB  PLATES. 


Average 

ThickoesB 

of  Plate. 

Inches. 

Thickness 

Removed. 

Inches. 

Weight 

Removed. 

Grams. 

Gold  in  Scrapings. 

Percent 

Weight. 
Granu»: 

Peroent. 

Gold  is  of 
Total  Gotd. 

Before  scraofiiip 

0.0888 
0.Q6S7 
0.0888 
0.C817 
0.0808 
0.0778 
0.0767 
0.0727 
0.0718 

o.oroo 

On  top. 

On  bottom... 

After  first     acrapmK. . 

''     second       '^      .. 

"     third 

"     fourth        "      .. 

"     fifth           "      .. 

"     first 

"    second       " 

"     third 
.    •»     fourth 
Residue 

0.0081 
0.0084 
0.0016 
0.0015 

o.ooao 

0.0015 
O.OuHO 
0.0015 
0.0018 

0.4888 
0.5145 
0.6688 
0.6865 
0.7285 
0.6801 
0.71^8 
0.6677 
0.4988 
81.4884 

0.06188 
0.00916 
0.00468 
0.00068 
O.OOOIO 
0.01810 
0.00845 
0.00016 
0.00006 
0.00000 

11.86 
1.780 
0.888 
0.0773 
0.0188 
8.66 
1.18 
0.0689 
0.0121 
0.0000 

56.3 
9.9 
5.0 
0.6 
0.1 

19.5 
9.1 
0.5 
0.1 
0 

Absolutely  no  gold  was  found  after  about  0.01  inch  had  been  removed  from 
each  surface,  and  over  90%  of  the  gold  obtained  was  recovered  by  removing  a 
layer  of  only  about  0.005  inch  from  each  surface.  This  0.005  inch  also  repre- 
sents the  thickness  removed  when  the  red  color  of  copper  had  appeared  prac- 
tically all  over  both  sides  of  the  plate.  The  gold  accumulated  on  the  under  side, 
presumably  by  creeping,  to  an  extent  almost  half  that  of  the  upper  side.  It  is 
a  fact  which  may  or  may  not  be  of  significance,  that  the  total  yield  of  this  plate 
was  0.042  grams  of  gold  per  square  inch  and  the  plates  in  Mills  77  and  82  when 
smelted,  as  previously  described  in  §  535  and  §  536^  yielded  0.054  and  0.032 
grams  of  gold  per  square  inch  respectively. 

The  results  obtained  in  this  investigation  seem  to  prove  that,  for  the  condi- 
tions existing  in  this  mill,  there  is  but  little  absorption  of  gold  amalgam  by  the 
copper.  It  may  be  that  other  mills  do  not  agree  with  tms  and  that  the  rate 
of  absorption  varies  with  varying  conditions,  among  which  are  the  coarseness  of 
the  gold,  the  treatment  of  the  plates  and  the  time  that  they  have  been  in  use. 

Experiments  on  the  rate  of  absorption  were  tried  in  the  Standard  Consolidated 
mill  at  Bodie,  California,  where  the  gold  is  very  finely  divided.  Three  strips  of 
silver  plated  copper  1>C3  inches  in  size  were  left  on  the  aprons  for  varying  periods, 
and  were  subjected  to  the  same  routine  as  the  apron  plates  themselves.  They 
were  finally  cleaned  as  closely  as  possible,  all  surface  amalgam  being  removed, 
and  their  values  determined.  It  was  found  that  the  average  rate  of  absorption 
of  gold  per  square  inch  of  surface  per  day  was:  3.68  milligrams  during  the  first 
two  days;  1.15  milligrams  during  the  first  seven  days;  0.70  milligrams  during 
the  first  fourteen  days.  This  indicates  that  the  rate  of  absorption  decreases 
rapidly. 

The  ratio  of  gold  to  silver  absorbed  does  not  appear  to  follow  any  law.  In 
the  experiments  at  the  Standard  Consolidated  mill,  the  metals  were  absorbed  in 
the  ratio  of  10  to  14  parts  silver  to  100  parts  gold,  while  the  amalgam  from 
regular  cleaning  had  75  silver  to  100  gold.  In  Mill  82  the  absorbed  metals  were 
in  the  ratio  of  93  parts  gold  to  100  parts  silver,  while  that  from  daily  cleaning 
had  82  parts  silver  to  100  parts  gold.  This  variation  may  be  due  to  neglect  to 
take  into  recount  the  silver  put  on  as  electroplating  or  the  silver  which  Lake 
Superior  copper  usually  contains  (.02  to  .12  per  cent.). 

§  541.  The  Effect  of  Temperature  on  Amalgamation. — ^The  amalgam  on 
plates  appears  to  be  affected  by  temperature  along  the  following  lines :  (1) 
Attraction  of  mercury  for  gold.  (2)  The  cohesive  power  of  mercury  as  shown 
by  coalescence  of  its  globules.  (3)  The  consistency  of  the  amalgam  on  the  plate 
(hard  or  soft).  (4)  Percentage  of  gold  in  amalgam  after  squeezing.  (5)  The 
solution  of  salts  of  metals  in  the  mill  water,  causing  the  possible  deposition  of 
metals  into  the  amalgam  and  the  effect  of  the  same  upon  the  amalgam. 

Within  the  comparatively  small  ranrre  which  occurs  in  mills,  probably  seldom 
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above  lOO^'F.  and  never  below  32°F.,  the  variation  in  the  attraction  of  mercury 
for  gold  is  so  slight  as  to  be  of  little  consequence. 

Regarding  the  cohesive  power  of  mercury,  W.  F.  Drake  states  that  at  a  low 
temperature  this  is  lost  to  a  considerable  extent.  This  may  be  shown  by  placing 
two  portions  of  broken  up  mercury  in  a  cold  and  warm  disn  respectively ;  that  in 
the  warm  dish  will  be  found  to  unite  very  much  more  easily  than  that  in  the  cold. 

The  higher  the  temperature  the  more  fluid  will  amalgam  be  and  the  more  liable 
to  run  off  the  plates.  At  the  mill  of  the  Twelve  Apostles  Gold  Mining  Co.  in 
Transylvania,  Von  Dessauer  notes  that  it  is  not  the  actual  temperature  whether 
high  or  low,  that  is  injurious  to  amalgamation,  but  rather  the  sudden  changes 
in  temperature.  By  cutting  down  the  amount  of  mercury  fed  to  the  battery 
and  gauging  the  amount  entirely  by  the  "feel"  of  the  plates,  it  is  possible  to  have 
the  amalgam  of  the  same  consistency  in  the  sunmier  as  in  the  winter,  and  prevent 
entirely  any  serious  flowing  of  amalgam.  In  spring  and  autumn,  however,  when 
the  mill  water  was  much  warmer  in  the  day  time  than  in  the  night,  the  amalgam 
would  flow  down  during  the  day  into  the  traps  and  even  beyond,  and  it  was  im- 
possible to  so  regulate  the  mercury  as  to  keep  up  with  the  change.  He  further 
notes  that  the  per  cent,  extraction  of  gold  from  the  ore  in  winter  is  scarcely  dif- 
ferent from  that  in  summer.  Sharpless  reports  that  at  the  'Virginia  mill  near 
Merced,  California,  the  amalgam  on  silver  plated  copper  plates  began  to  harden 
up  as  die  water  became  warm  and  the  amalgam  became  very  hard,  forming  a 
crystalline  or  granular  alloy  that  could  be  removed  only  by  scraper.  As  the 
water  became  warmer  the  diflSculty  increased,  so  that  starting  with  plates  sat- 
urated with  mercury,  after  an  hour  the  upper  four  feet  would  be  as  hard  and 
dry  as  if  no  mercury  had  been  used  and  mercury  would  be  running  off  the  lower 
end  into  the  traps.  Finally,  with  the  water  at  83®  F.  he  hung  up  the  stamps, 
scraped  the  plates,  put  on  a  layer  of  wood  ashes,  covered  with  cool,  damp  sand. 
After  two  days  the  plates  were  in  normal  condition.  Sharpless's  experience  is 
in  direct  conflict  with  that  of  Von  Dessauer  and  may  possibly  have  been  due  to 
the  use  of  too  much  mercury,  which  is  recognized  by  some  mill  men  as  a  cause  of 
hard  amalgam.  As  long  as  the  weather  was  cool  the  amalgam  remained  pasty, 
but  the  advent  of  warm  weather  caused  fluid  mercury  to  separate  out  and  run  off 
leaving  hard  amalgam  behind.  He  was  troubled  about  the  same  time  with  a 
lime  crust  (CaCOj)  upon  his  plates.  On  the  other  hand,  W.  F.  Drake  found 
(name  of  mill  not  given)  that  by  heating  the  battery  water  to  80°  or  90° F. 
the  maximum  saving  of  gold  was  obtained,  as  shown  by  assays  of  tailings  and 
slimes. 

The  effect  of  increased  temperature  is  to  raise  the  percentage  of  gold  in  solid 
amalgam  after  squeezing.  Von  Dessauer  found  in  the  case  previously  cited  that 
with  a  winter  temperature  of  34°  to  36°  F.,  the  amalgam  left  after  squeezing  out 
the  liquid  contained  only  7  to  10%  gold,  while  with  a  summer  temperature  of 
80°  to  90**F.  it  contained  25  to  35%  gold.  There  is  required,  therefore,  three 
or  four  times  as  much  mercury  in  winter  as  in  summer. 

Regarding  the  solution  of  salts,  deposition  in  the  amalgam  and  effect  of  the 
same  upon  its  consistency,  J.  A.  Sanborn  advances  the  theory  that  since  the 
heating  of  water  increases  the  solubility  of  certain  metallic  salts  it  may  cause 
harmful  results  upon  imperfectly  coated  copper  plates.  Iron  from  the  stamp 
shoes  may  deposit  in  the  amalgam  a  metal  that  is  electronegative  to  iron.  For 
example,  a  salt  of  copper,  lead  or  perhaps  arsenic  would  deposit  some  of  its 
metal  in  the  amalgam  in  the  presence  of  iron,  and  this  may  be  the  cause  of  some 
of  the  conflicting  reports  that  have  come  from  some  of  the  authorities.  In  the 
laboratory  of  the  Massachusetts  Institute  of  Technology,  working  Nova  Scotia 
ores  containing  arseno-pyrite,  upon  plates  smeared  with  a  thick  layer  of  silver 
amalgam,  the  amalgam  retorted  and  melted  has,  in  a  number  of  instances,  yielded 
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a  very  brittle  alloy  which  gave  reactions  for  arsenic.  This  is  not  conclusive, 
however,  since  the  arsenic  may  have  come  from  particles  of  arsenopyrite  left  in 
the  cleaned  amalgam.  Since  chemical  action  and  solution  generally  increase 
with  the  temperature,  it  may  happen  that  some  of  the  scums  which  form  on 
plates  may  cause  greater  trouble  at  a  higher  than  a  lower  temperature. 

The  practice  of  the  mills  in  this  matter  is  here  given :  MQl  55  heats  the  water 
fed  to  the  battery  in  winter  by  an  exhaust  steam  coil  in  the  water  tank.  This 
is  done  simply  to  prevent  freezing.  Mills  57  and  61  heat  the  water  on  its  way 
to  stamps  by  coils  in  stoves.  The  latter  mill  brings  it  up  from  42®  to  55 "^F. 
thereby.  Mill  87  uses  mine  water  at  50"*.  Mill  66  formerly  did,  but  does  not 
now,  heat  the  water,  as  a  higher  yield  is  obtained  with  water  at  50®  than  at  60® 
or  70®  P.  Occasionally  a  black  scum  was  noticed  with  wanner  water 
after  the  plate  had  been  rubbed  by  the  hand.  Mill  77  does  not  heat  the 
water,  as  it  was  found  that  they  could  amalgamate  better  in  winter  with  very 
cold  water  than  with  warm.  The  amidgam  is  stiffer  without  being  too  rich  in 
gold.  Mills  27,  56,  62,  64,  67,  82  and  84  do  not  heat  the  water  in  winter.  At 
the  Brittania  United  mill,  Ballarat,  Rickard  reports  that  the  battery  water  is 
heated  from  75®F«  until  it  gives  off  steam,  with  the  idea  of  aiding  amalgamation. 

Mercury  Wells  and  Riffles  Containing  Mercury. 

§  542.  Definitions. — These  differ  from  amalgamated  plates  in  that,  instead 
of  a  surface  covered  with  amalgam,  there  is  a  pool  of  mercury  with  which  the 
pulp  comes  in  contact  by  passing  over  it  or  through  it,  as  the  case  may  be. 

It  is  proper  at  this  time  to  define  three  terms,  as  they  will  be  used  by  the 
author,  to  avoid  confusion  from  the  use  of  them.  A  mercury  well  is  a  transrerse 
trough  or  box  with  an  adjustable  gate  or  baffle  plate,  which  may  or  may  not  dip 
in  a  pool  of  mercury  with  which  the  apparatus  has  been  charged.  A  riffle  con- 
taining mercury  is  sufficiently  defined  by  its  name  (see  §  510).  A  mercury  trap 
is  any  form  of  apparatus,  whether  box  or  riffle,  which  serves  to  catch  the  mercury 
and  amalgam  that  runs  off  the  plates,  but  does  not  have  mercury  put  into  it  at 
the  start. 

§  543.  Mercury  Wells  can  best  be  described  by  reference  to  Fig.  437,  which 
shows  a  section  of  two  wells  in  the  mill  of  the  South  Clunes  United  Company, 
at  Clunes,  Victoria. 

In  Fig.  438,  the  gate  is  represented  as  dipping  into  the  mercury  with  no  pulp 
passing.  As  soon,  however,  as  pulp  begins  to  flow,  it  depresses  the  mercury 
on  the  receiving  side  and  causes  it  to  rise  on  the  delivering  side  (see  Pig.  439). 
Care  should  always  be  had  not  to  dip  the  gate  too  deeply  into  the  mercury,  as  a 
column  of  mercury  1  inch  high  on  the  delivering  side,  will  sustain  a  column  of 
water  13.6  inches  high  on  the  receiving  side.  It  is  easy  to  calculate  the  maximum 
depth  that  it  can  be  immersed  for  any  given  well,  and  is  expressed  by  the  formula 

, a  in 

12.6  {m+n) 

where  d  is  the  depth  immersed,  a  is  the  difference  in  level  between  the  feed  and 
overflow,  m  is  the  width  of  the  delivering  column  and  n  is  the  width  of  the  re- 
ceiving column,  all  being  in  inches.  Theoretically,  it  would  seem  to  be  best  to 
run  with  the  baffle  board  at  its  maximum  depth  in  order  to  get  as  good  a  con- 
tact with  mercury  as  possible.  Practically,  it  is  not  possible  to  go  to  the  limit 
on  account  of  the  danger  of  throwing  mercury  into  the  overflow. 

The  well  may  be  made  of  wood  or  of  iron.  The  latter  is  better  as  it  tends 
to  keep  the  mercury  bright  and  is  safer  against  leaks.  Louis  states  that  he  has 
used  wells  made  of  stout  sheet  copper,  which  enabled  the  mercury  to  moisten  the 
walls  and  prevent  the  accumulation  of  sand  in  +he  comers. 
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Mercury  wells  are  practically  obsolete  in  this  country.    The  only  instance 

which  the  author  is  able  to 
cite  of  their  use  is  in  the  Cross 
mill,  Gunnison  County,  Colo- 
rado, as  shown  in  Fig.  430. 
They  are,  however,  still  used 
to  a  considerable  extent  in 
Australia  almost  invariably  in 
connection  with  amalgamated 


HG.  438. 


FIG.  439. 


FIO.  437. — SECTION    OP    MORTAR   AND   MERCURY 
WELLS  AT  CLUNES. 


(h)  Plate,  3  feet  long. 


plates.  Even  there  the  ten- 
dency is  to  do  away  with  them. 
The  position  which  they  oc- 
cupy with  respect  to  the  plates 
and  other  amalgam  catchers, 
is  shown  for  three  mills  by  the 
following  outlines.  The  di- 
mensions of  the  wells  and  the 
amounts  of  mercury  which 
they  contain  are  also  given  in 
a  few  instances. 

So.  Clunes  United  Co.  mill, 
Victoria  (see  Fig.  437).  (a) 
Mortar.  (6)  Mercury  well  3 
inches  wide,  4  inches  deep,  10 
inches  drop,  containing  50 
pounds  of  mercury,  (c)  Sec- 
ond well,  like  the  first  except 
it  has  but  8  inches  drop,  {d) 
Blankets.  The  two  mercury 
wells  yield  21.87%  of  the  total 
amalgam  obtained. 

Old  Star  of  the  East  mill. 
Ballarat,  Australia,  (a)  Mor- 
tar. (6)  Two  mercury  wells, 
(c)  Plates,  {d)  Two  mercury 
wells,  (a)  One  rifiBe  contain- 
ing mercury,  (f)  Blankets. 
{g)  Shaking  tables. 

Oriental  mill.  Ovens  Dis- 
trict, Victoria,  {a)  Mortar, 
(c)  Mercury  well,  6  inches  deep,     (d)  Three  plates. 
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each  4  feet  long,  the  first  two  of  which  are  followed  by  mercury  wells,  4  inches 
deep,  (e)  Each  of  the  four  plates  (h)  and  {d)  is  divided  into  halves  by  a 
riffle  3  inches  wide  and  |  inch  deep,  containing  mercury.  Only  2%  of  the 
total  amalgam  is  caught  by  the  wells  and  riffles.  (/)  Pans. 
Where  l£e  ore  contains  sulphurets  they  accumulate  on  the  surface  of  the  mer- 
cury preventing  contact  of  gold  and  have  to  be 
removed  periodically.  In!  the  Saxon  mill, 
which  has  an  ore  with  a  large  amount  of  sul- 
phurets, this  is  done  by  a  cloth  every  four  hours. 
According  to  Eickard,  this  is  not  often  enough 
and  €fvery  half  hour  would  be  better.  The  amal- 
gam from  clean  free  gold,  which  forma  at  the 
surface  of  the  mercury,  ordinarily  sinks  to  the 
bottom  and  may  be  removed  by  the  hand. 
Eusty  gold  or  gold  attached  to  pyrite  often 
clings  to  the  mercury  at  the  surface  and  may 
be  removed  by  a  scraper  and  scoop.  Generally 
FIO.  440. — HUNGARIAN  MEBGUBY  about  once  a  week,  the  contents  of  the  well  are 
WELLS.  drawn  oflf  through  a  plug  in  the  bottom^  which 

is  usually  made  with  a  slight  slope  either  toward 
one  end  or  toward  the  middle  to  facilitate  the  draining.  Sometimes  there  is  no 
plug  and  they  are  cleaned  out  by  a  scoop.  The  amalgam  is  separated  from  the 
mercunr  by  straining  through  chamois  or  cloth  and  the  mercury  put  back  together 
with  what  additional  mercury  is  required  to  make  up  for  that  contained  in  the 
amalgam. 

A  form  of  mercury  well  used  in  Hungary,  in  which  the  baffle  plate  is  widened 
into  a  block,  is  shown  in  section  in  Fig.  440.  This  is  done  with  the  idea  of 
obtaining  longer  contact  of  the  pulp  with  the  mercury. 

§  544.  EiFFLES  Containing  Mercury. — These  are  simpler  in  form  than  mer- 
cury wells.  They  are  not  used  to  any  great  extent  in  this  country,  except  in 
gravel  mills  and  in  hydraulic  mining  where  the  gold  is  coarse.  Those  of  Mill 
56,  used  in  connection  with  plates,  have  already  been  described  in  §  511. 

At  the  Mayflower  drift  mill  amal- 
gamated plates  were  d»iscarded  and 
were  replaced  by  a  wooden  table  with 
horizontal  cross  grooves  1^  inches  wide, 
1  inch  deep  and  about  20  inches  apart. 
These  grooves  or  riffles  contain  mer- 
cury. They  are  followed  by  a  Eureka  rubber  and  other  riffles  which  contain  no 
mercury. 

At  the  Magalia  drift  mill,  the  pulp  first  passes  over  an  amalgamated  plate  30 
inches  long.  It  then  passes  over  five  transverse  riffles  filled  with  mercuiy^  which 
are  two  inches  wide,  \  inch  deep,  53  inches  long  and  10  inches  apart.  The  riffle 
block  between  them  is  covered  with  sheet  iron  ^V  inch  thick,  to  prevent  wear. 
N'ext  come  Hungarian  riffles  and  a  long  sluice  with  riffles.  Owing  to  the  coarse- 
ness of  the  stamping  (through  a  -J-  -inch  hole)  the  plate  does  not  work  very  suc- 
cessfully, it  being  difficult  to  keep  it  from  scouring. 

In  Australia  the  use  of  riffles  containing  mercury  is  very  common  in  connec- 
tion with  plates  and  mercury  wells.  Their  precise  location  in  three  mills  has 
already  been  shown  in  §  543.  Their  form  in  every  case  is  a  depressed  rec- 
tangular trough.  Their  care  and  cleaning  is  similar  to  that  of  mercury  wells 
except  that  the  amalgam  is  usually  scooped  out  instead  of  being  drained  off. 

It  is  possible  to  put  mercury  into  almost  any  kind  of  riffles  such  as  those  pre- 
viously described  in  §  511.     In  hydraulic  mines  the  fine  gravel  sometimes  flows 
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over  an  inclined  table  in  which  are  a  large  number  of  small  circular  holes  filled 
with  mercury. 

At  Grass  Valley,  riffles  containing  mercury  of  the  form  shown  in  Fig.  441, 
were  formerly  used.  These  riffles  were  six  inches  apart  and  f  to  |  inch  deep  at 
the  lower  end.    The  mercury  covers  a  width  of  2  or  3  inches  in  each  riffle. 

§545.  Advantages  and  Disadvantages  of  Mehcuby  Wells  and  Eiffles 
Containing  Mercury. — ^These  pieces  of  apparatus  require  less  attention  than 
plates,  their  first  cost  is  less  than  one-half  as  great  as  plates  and  harmful  minerals 
in  many  instances  do  less  injury,  owing  to  the  absence  of  copper.  For  coarse 
free  gold,  containing  a  very  small  amount  of  sulphurets,  such  as  occurred  at 
Clones  in  Australia,  they  are  fuUv  equal,  if  not  superior,  to  plates.  Thus  with  an 
ore  containing  only  3^%  of  sulpnurets,  the  old  Star  of  the  East  mill,  previously 
given  in  §  543,  is  said  to  catch  more  gold  than  the  new  mill,  which  omits  the  two 
wells  preceding  the  plates. 

Their  application  is  limited  to  a  few  ores,  for  when  the  sulphurets  are  present 
in  any  considerable  amount,  they  quickly  form  a  scum  over  the  surface.  At  the 
Oriental  mill,  previously  given  in  §  543,  they  yield  only  2%  oi  the  total  amalgam. 
If  they  are  placed  next  to  the  mortar  there  is  no  way  of  telling  whether  the 
right  amount  of  mercury  is  being  fed  to  the  battery.  In  this  position  they  are 
more  liable  to  be  subject  to  theft,  as  amalgam  can  easily  be  removed  without 
any  evidence  of  its  removal  being  left;  the  contrary  is  true  with  plates.  For 
this  reason,  wells  are  covered  over  in  some  mills  by  a  grating  which  is  kept 
locked. 

Wells  and  riffles  require  more  water  to  keep  them  clear  than  do  plates.  The 
use  of  a  larger  amount  of  mercury  is  required  than  on  plates  and  the  high  catch- 
ing power  of  the  rich  amalgam  wnich  forms  on  plates  is  not  available.  There  is 
more  danger  that  contact  of  gold  with  mercury  will  not  be  brought  about  so  effec- 
tual ly  in  the  case  of  wells  ana  riffles,  as  coatings  of  air  or  water  on  the  pulp  cause 
more  trouble  than  on  plates. 

Some  authorities  claim  that  in  practice  the  column  of  mercury  is  very  soon 
thrown  out  and  the  amount  of  contact  is  not  much  over  the  width  of  the  baffle 
board  and  not  equal  to  a  plate  6  inches  long.  It  appears  then  that  the  total 
surface  of  exposure  of  gold  to  mercury  is  much  less  with  wells  than  with  plates. 

Mbbcury  Traps. 

§  546.  General. — ^These  are  pockets  designed  to  catch  amalgam  and  floured 
meicuiy  that  has  drained  off  the  plates.  Incidentally,  the  traps  always  catch 
some  heavy  sulphurets.  Although  traps  do  not  have  mercury  put  in  them,  yet 
the  mercury  soon  accumulates,  making  them  partake  somewhat  of  the  nature  of 
mercury  wells. 

The  position  which  traps  occupy  with  reference  to  the  plates,  may  be  seen 
by  reference  to  Table  330  or  Chapter  XX.  containing  the  outlines  of  mills. 
There  are  four  positions  in  which  they  are  found  in  various  mills:  (1)  at  the 
pud  of  the  amalgamated  plates,  (2)  at  the  end  of  each  section  of  plates,  (3)  on 
the  vanner  distributors,  (4)  in  the  final  tail  launder  of  the  mifl.  Their  im- 
portance is  often  underestimated.  The  original  cost  of  them  is  not  large  and  the 
expense  of  running  is  practically  nothing,  so  that  whatever  they  save,  even  though 
it  be  small,  is  practically  net  gain.  Mill  67  by  putting  in  the  No.  3  trap  in  the 
tail  launder  of  the  mill,  which  cost  about  $3  to  make,  was  able  to  recover  $13  of 
gold  every  six  months  which  would  otherwise  have  been  lost.  There  will  always 
be  some  loss  of  floured  mercury,  however,  and  consequently  of  gold. 

The  best  form  of  mercury  trap  is  the  one  which  will  catch  the  maximum 
amount  of  mercury  and  the  minimum  amount  of  sand  and  sulphurets.    The  pack- 
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ing  of  sand  and  snlphurets  in  the  bottom  of  a  trap,  however,  is  not  as  harmful  as 
would  seem  at  first  sight,  for  mercury  has  the  power  of  settling  down  and  replac- 
ing the  sand  and  sulphurets  which  are  lighter  than  it,  and  in  a  like  manner  heavy 
Bulphurets  can  replace  lighter  sulphurets  and  sand. 
The  mercury  traps  used  in  the  mills  may  be  divided  into  three  classes: 

(1)  Plain  transverse  riffles. 

(2)  Transverse  traps  with  a  gate  like  a  mercury  well. 

(3)  Box  traps  of  various  types. 

TABLE  342. — ^PLAIN  TRANSVERSE  TROUGHS  OR  RIFFLES. 


A 

i 
I 

\ 

1 

1 

Holes  In  Otrerflow. 
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1 

1 

i 

Holes  in  Orerflow. 

Number. 

Diameter 

HeiKht 
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Bottom. 

Number. 
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R7 

In. 
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In. 
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8 

8 

In. 
8 

8 

90 
None. 
None. 

90 
6 

Inches. 

Inches. 

71 
71 
78 

678 
76 
76 

664 

1 

8 

In. 
46 
46 
48 
50 

io' 

In. 

4 

In. 
8 

H 

4 
None. 

84 
None. 
None. 
None. 
None. 

Inches. 

Inches. 

58 

58 

H 

s 

50 

H 

9 

ffl 

m 

H 

M 

48 

4 

0 

8 

8 

(a)  This  trap  narrows  the  stream  from  64  inches  to  46  inches  in  four  batteries  and  to  90  inches  in  the  other 
four  batteries.    (6)  In  then  mills  there  are  several  riffles  in  series;  in  the  other  mills  there  Is  only  one. 

§  547.  Plain  Transverse  Troughs  or  Riffles. — ^The  dimensions  of  them  as 
found  in  the  mills  are  given  in  Table  342.  In  every  case  they  are  rectangular  in 
section.  In  Mills  57,  59,  62,  63,  64,  71  and  72  the  transverse  troughs  are  also 
utilized  as  distributors  and  have  several  holes  in  the  front  side  through  which 
the  pulp  passes  out  and  at  a  lower  level  than  it  entered.  Mill  71  covers  thef^t* 
holes  with  a  12-mesh  screen  at  the  time  of  clean  up,  to  keep  coarse  stuff  off  the 
plates.  At  the  Golden  Star  mill,  South  Dakota,  shallow  troughs  or  riffles  wer* 
preferred  to  deep  box  traps,  as  the  pulp  flows  more  smoothly  over  them  and  there 

is  less  agitation,  so  there  is  more  oppi.>r- 

tunity  for  settling  and  better  work  is 

done. 

Hiffles  have  already  been  discussed 

in  §  510,  §  511  and  §  544.     A  form 
Fio.  442. ^riffles.  ^^  ^^^^  recommended  by  Adams  to  he 

put  in  the  launder  leading  from  the 
plates  is  shown  in  Fig.  442.     The  riffles  are  J  inch  deep  and  6  feet  apart. 

These  troughs  and  riffles  should  not  be  made  too  deep  or  too  wide,  as  the  sand 
then  packs  down  in  the  bottom  of  them  and  reduces  the  acting  size.  This  may 
be  partly  remedied  by  keeping  them  stirred  up  either  by  having  the  pulp  malcV 
a  drop  into  them  or  by  making  them  of  a  form  like  Fig.  442  instead  of  rectangu- 

table  343. — ^transverse  traps  with  gates  in  them. 


Mill 

Trap 

No. 

No: 

fiO 

8 

64 

8 

04 

8 

66 

1 

71 

8 

78 

8 

72 

8,4,6 

78 

8,7,8 

78 

1 

Length. 


Inches. 


86 
16 
48 

88 

78 


Width. 


Inches. 
9 

4 
4 
6 


Height  of 

Descending 

Column. 


Inches. 
9 
11 
9 
6 


80 
6 


Height  of 
Ascending 
Column. 


Inches. 


9 
7 

8 

9H 


8 


Height  or  Gate 
Above  Bottom 


Inches. 


I 


a)  In  these  traps  the  OTerflow  is  1  inch  below  the  iulet  and  the  gate  dips  8  inches  below  the  level  of  the  oottei 
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lar.  The  riflBe  block  should  not  be  so  narrow  that  the  current  does  not  have  a 
chance  to  become  quiet.  When  well  constructed,  riffles  are  claimed  to  be  as 
effective  as  any  other  form  of  mercury  trap. 

§  548.  Transverse  Traps  with  Gates. — The  dimensions  of  these  are  given 
in  Table  343  and  those  of  Mill  64  are  also  shown  in  Figs.  425a  and  4256.  They 
are  rectangular  in  section  and  are  much  like  the  plain  transverse  troughs  except 
that  they  are  generally  both  wider  and  deeper  and  the  gate  makes  it  necessary 
that  the  overflow  be  lower  than  the  inlet,  althouch  not  as  low  as  in  the  case  of 
mercury  wells.  In  Mill  72  in  the  No.  3,  4  and  5  traps,  the  box  is  23X6  inches, 
while  the  rising  current  is  23X1|  inches  in  horizontal  section.  In  Mill  64  the 
traps  are  36X4  inches  and  15X4  inches  respectively,  and  the  rising  currents  are 
36X2  inches  and  15X2  inches  respectively,  while  the  descending  currents  are 
36X1  inches  and  15X1  inches  respectively.  In  Mills  65  and  73  these  traps  also 
act  as  distributors,  having  a  row  of  holes  through  which  the  pulp  overflows.  In 
the  latter  mill,  the  gate  instead  of  being  vertical  is  inclined  upward  and  away 
from  the  feed  at  an  angle  of  about  45^. 

These  forms  of  traps,  like  the  riffles,  have  a  tendency  for  the  comers  and  even 
the  whole  bottom  to  pack  with  sand,  especially  if 
they  are  made  too  large  or  the  gate  is  too  high. 

Mills  70  and  85  have  traps  which  come  in  this 
class.  They  are  5  inches  widei  4  inches  long  and  2 
feet  deep  at  inlet,  16^  inches  at  outlet  and  have  a 
deep  gate  and  are  much  like  a  Rittinger  spitzlutte 
for  slimes  (see  §  319),  except  that  they  have  no 
spigot   below. 

§  549.  Box  Traps. — There  are  several  designs  of 
these,  varying  from  a  plain  settling  box  to  a  hy- 
draulic classifier.  Mill  71  has  a  trap  which  is  sim- 
ply a  box  8  inches  square  and  12  inches  deep.  In 
Mill  67  the  No.  3  trap  is  a  plain  box,  20  inches  long, 
16  inches  wide  and  20  inches  deep.  In  Mill  88  a 
spout  4  inches  square  leads  from  the  plates  to  No.  1 
mercury  trap,  which  is  a  plain  cast  iron  box  8  inches 
long,  7}  inches  wide  and  2^  inches  deep.  Two  bat- 
teries have  also  a  No.  2  trap  following  No.  1,  which 
is  in  the  form  of  a  transverse  box  30  inches  long,  9 
inches  wide  and  6  inches  deep.  The  inlet  is  over  the 
middle  of  one  long  side;  the  outlets  are  3  inches 
from  either  end  on  the  opposite  side  and  are  4  inches  wide  and  2^  inches  deep. 

The  Black  Hills  trap,  shown  in  Fig.  443,  consists  of  two  adjustable  gates  and 
one  dam,  all  of  wrought  iron  and  sliding  in  grooves,  in  a  rectangular  wooden 
box.  The  pulp  enters  the  box  at  the  feed  end,  passes  down  under  the  first  gate, 
up  over  the  dam,  down  under  the  second  gate  and  finally  up  over  the  overflow, 
which  is  considerably  below  the  level  of  the  feed.  The  dimensions  of  them  are 
shown  in  Table  344.    In  Mill  6*6  the  No.  2  trap  has  four  gates  and  three  dams. 

table  344. — ^DIMENSIONS  OP  BLACK  HILLS  TRAPS. 


FIG.  443.— CROSS  SECTION 
OF  A  BLACK  HILLS 
TRAP. 
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(a)  This  box  is  lined  with  copper. 
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The  trap  is  48  inches  long,  14  inches  wide  and  48  inches  deep.  The  gates  are  all  3 
inches  above  the  bottom.  The  dams  are  1^,  3  and  4  inches  respectively  below 
the  top  and  the  overflow  is  6  inches  below  the  top.  In  deaning  Blaci  Hills 
traps,  the  gates  and  dams  are  all  taken  out. 

The  Grass  Valley  trap  is  shown  in  Fig.  444.  It  consists  of  an  iron  hopper- 
shaped  box  with  the  upper  part  of  its  sides  vertical.  It  has  an  inlet  pipe  extend- 
ing nearly  to  the  bottom,  an  overflow  pipe  near 
the  top,  and  a  plug  in  the  bottom  for  draining 
off  the  sand  and  amalgam  at  the  time  of  clean  np. 
The  figure  also  shows  a  block  of  wood  fastened 
to  the  outgoing  side  of  the  trap.  Five  mills,  57, 
68,  67,  77  and  86  used  this  form  of  trap.  The 
dimensions  obtained  are  shown  in  Table  345. 

At  the  Cross  mill,  Sperry  found  with  an  ore 
containing  a  large  amount  of  heavy  oxides  (some- 
times 60  or  70%)  that  ordinary  forms  of  traps 
could  not  be  used.  A  form  of  hydraulic  classifier 
shown  in  Fig.  445  .was  adopted.  The  pulp  comes 
in  over  the  copper  plate,  and  is  forced  to  pass 
downward  by  flie  baffle  plate  C  when  it  is  sub- 
jected to  the  action  of  a  rising  current  of  water 
from  the  hydraulic  A.  The  mercury,  amal- 
gam and  heaviest  sulphurets  settle  down  through 
D,  from  whence  they  are  removed  periodically  by  the  pipe  E.  Outside  the  mill 
the  pulp  passed  through  a  continuous  working  clean  up  pan^  which  served  as  a 
mercury  trap. 

TABLE  345. — GRASS  VALLEY  MEBOITBY  THAPS. 


PIG.  444. — SECTION  OF  GRASS 
VALLEY  TRAP. 


Mill 

No. 
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Inches. 
14x14 
14x14 
14x14 
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Inches. 

IT* 

18 

Inches. 

Inches. 
9 
8 
2 

'^ 

8orl 
9 

1 

Inches. 
8or^9H 

9 

Inches. 

Inoiies. 

58 

8 

4 

ff7r 

8x6 

H 

(a)  To  2  inches  above  bottom.  (6)  Just  below  surface.  In  this  trap  the  sand  packs  in  the  bottom  and  forms 
a  true  conical  hopper  9  inches  in  diameter,  (c)  This  trap  has  a  gate  or  baffle  plate  in  it  parallel  to  and  4  Indies 
from  the  dischaiige  side  and  reaching  to  within  8  inches  of  the  bottom,    (d)  Half  way  to  bottom. 

Preston  advocates  the  use  of  shaking  traps  to  prevent  sand  from  packing  and 
to  settle  the  mercury  better. 


^e 


FIG.  445. — LONGITUDINAL  AND  CROSS  SECTIONS  OP  SPERRY's  TRAP. 

§  650.  Cleaning  up  Mercury  Traps. — As  a  rule  this  comes  at  the  time  of  the 
periodical  clean  up  of  the  mills,  which  has  been  already  described  (see  §  184)  and 
the  treatment  of  the  contents  of  the  traps  is  similar  to  that  of  the  battery  sands. 
The  interval  of  cleaning  may  vary  however.  The  Saxon  Mill  in  Australia  cleans 
out  its  riffles,  which  serve  as  traps,  every  hour.    On  the  other  hand,  the  No.  3  trap 
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of  Mill  67  which  is  outside  the  mill,  is  cleaned  but  twice  a  year.  The  method  at 
Mill  73  is  as  follows :  Every  two  weeks  when  the  No.  2  sluice  plates  of  this  mill 
are  dressed  and  cleaned  (see  §  533),  the  top  of  No.  1  trap  is  taken  off  and  the  sul- 
phurets  and  quicksilver  scooped  out  to  a  bucket.  The  No.  2  traps  or  riffles  are 
also  cleaned  out  with  a  small  scraper  into  the  bucket.  The  contents  of  the  bucket, 
along  with  the  other  products  of  the  clean  up,  go  to  the  clean  up  barrel.  Mill 
66  cleans  out  the  traps  every  month,  and  sends  the  entire  contents  to  a  clean  up 
pan.  The  No.  1  traps  of  the  mill  yield  80  ounces  of  amalgam  and  144  ounces 
mercury  per  month,  while  the  No.  2  traps  yield  10  to  12  ounces  of  amalgam  and 
40  ounces  of  mercury. 

Ahalgamatobs. 

§  551.  This  name  is  given  to  various  machines,  which  do  no  crushing,  but  sim- 
ply amalgamate  by  bringing  gold  into  contact  with  mercury  by  some  mechanical 
means,  as  pressure,  agitation  or  scouring.  They  are  but  little  used  in  this  coun- 
try, since  tie  work  of  brightening  and  amalgamating  the  gold  is  well  done  by  the 
stamp  mill.  A  great  many  designs  have  been  invented  but,  for  the  most  part,  they 
have  been  discarded,  either  from  their  complication,  difficulty  of  cleaning,  or  some 
other  defect.  Brief  mention  will  be  made  of  a  few  of  the  leading  types  which  have 
at  some  time  met  with  success. 

§  562.  The  Atwood  Amalgamator. — This  formerly  had  an  extensive  use  in 
California,  and  is  occasionally  used  to-day.    As  shown  in  Figs.  446a  and  4466  it 


FIG.  446a. — ELEVATION  OF  THE  ATWOOD  AMALGAMATOR. 
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FIG.  4466. — PLAN. 

consists  of  two  transverse  cylindrical  troughs  it,  17  inches  long  and  4  or  5  inches 
deep.    Two  wooden  cylinders  cc  have  radial  arms  of  i-inch  round  iron,  the  ends 
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of  which  are  slightly  curved.  The  arms  are  set  along  the  cylinders  in  12  long- 
itudinal rows  containing  alternately  8  and  9  arms.  These  arms  almost  touch  the 
quicksilver  without  dipping  into  it.  In  some  of  the  machines  these  arms  dip  into 
the  mercury  and  force  all  the  sand  below  the  surface.  The  cylinders  are  2  feet  10 
inches  apart  center  to  center^  and  their  difference  in  level  is  6  inches.  Small  belts 
revolve  them  at  the  rate  of  60  revolutions  per  minute.  An  automatic  feeder,  with 
the  help  of  a  stream  of  warm  water,  causes  the  pulp  to  pass  down  across  the 
troughs.  Formerly  at  Grass  Valley,  the  pulp  from  the  stamps  passed  over  blanket 
tables,  and  the  gold  and  sulphurets  caught  there  were  treated  by  the  Atwood  amal- 
gamator at  the  rate  of  3  tons  in  24  hours,  using  1  cubic  foot  of  water  per  minute. 
The  agitation  from  the  arms  helps  to  bring  the  pulp  in  contact  with  the  mer- 
cury.   Particles  of  bright  gold  are  easily  caught  and  sink  to  the  bottom,  while 
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FIG.  448. — SECTION  OF  THE  LASZLO  AMALGAMATOR. 

particles  of  rusty  gold  or  gold  attached  to  quartz,  with  only  a  portion  of  the  sur- 
face brightened,  are  caught  and  held  by  the  bright  comer  and  float  on  the  sur- 
face of  the  mercury.  These  floating  grains  were  skimmed  off  at  intervals  and 
treated  in  Knox  amalgamating  pans.  Once  a  week  the  amalgam  was  taken  out 
and  strained  through  cloth  or  chamois. 

§  563.  The  Eureka  Rubber.— This  is  another  early  California  device  which 
is  still  met  with.  It  consists  (see  Figs.  447a,  4476  and  447c)  of  a  rectangular 
cast  iron  box,  7  inches  deep,  and  4  feet  8  inches  square,  in  the  bottom  of  which  are 
cast^  iron  dies  or  plates,  over  which  east  iron  shoes,  attached  to  a  frame,  have  a 
rectilinear  motion.  The  east  iron  dies  dd,  1 J  inches  thick,  are  mounted  on  wooden 
boards  ccc,  the  spaces  between  being  filled  with  wooden  blocks  e  e.  The  cast  iron 
shoes  are  fastened  to  wooden  backings,  which  are  bolted  to  two  timbers  g  g.    The 
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wooden  backings  of  the  shoes  have  amalgamated  plates  attached  to  them.  The 
shoe  frame  receives  a  backward  and  forward  horizontal  movement  of  4  inches  from 
an  eccentric  making  55  revolutions  per  minute.  The  shoe  frame  is  suspended 
from  a  wooden  frame  m  m,  the  height  of  which  is  adjustable.  This  machine  was 
formerly  used  at  Grass  Valley  to  treat  the  tailings  from  the  blanket  tables  and  the 
Atwood  amalgamator  previously  mentioned.  It  treated  between  11  and  12  tons 
in  24  hours.  Its  action  is  to  brighten  any  particles  of  gold  and  enable  them  to  be 
caught  on  its  amalgamated  plates.  A  Eureka  rubber  was  formerly  used  at  the 
Father  de  Smet  mill^  South  Dakota,  between  the  upper  and  lower  plates.  It  was 
given  up,  however,  on  account  of  the  cost  of  running  and  the  small  amount  which 
it  saved.    One  battery  gave  too  much  pulp  for  it  to  treat. 

Thb  Gold  Kiko  Amalgamator,  used  in  1895  at  Mill  72,  but  since  taken  out, 
consisted  of  a  slightly  inclined  revolving  cylinder  with  radial  fins  inside  covered 
by  amalgamated  plates.  The  ptQp  was  fed  at  the  upper  end  and  discharged  at  the 
lower. 

§  554.  The  Laszlo  Amalgamator,  which  is  used  to  a  considerable  extent  in 
Transylvania,  where  crushing  and  amalgamation  are  done  separately,  is  shown  in 
Fig.  448.  It  consists  of  a  cast  iron  pan  a,  with  mercury  in  the  bottom,  in  which 
rotates  a  cast  iron  muller  &.  In  the  bottom  of  the  pan  are  stationary  rings  c  and 
d,  which  extend  upward  into  corresponding  recesses  in  the  revolving  muller.  The 
pulp  enters  the  hopper  i,  passes  down  and  then  up  over  the  ring  c,  after  which  it 
again  goes  down  and  then  up  over  the  ring  d,  down  again  and  out  over  the  spout 
r  to  a  second  pan,  where  its  course  is  similar  to  that  in  the  first  pan.  Teeth  n 
attached  to  the  lower  portion  of  the  muller  serve  to  bring  the  pulp  into  contact 
with  the  mercury.  Each  pair  of  pans  treats  an  average  of  2  tons  of  stamped  ore 
in  24  hours.    The  amalgam  is  cleaned  out  at  intervals  of  from  10  to  30  days. 

Amalgamating  Pans  which  are  by  far  the  most  important  amalgamators,  par- 
ticularly for  silver  ores,  have  been  already  described  (see  §  206),  since  they  are 
designed  to  do  grinding  if  desired. 

§  555.  Settlers. — ^These  are  used  in  silver  mills  to  receive  the  charge  from 
amalgamating  pans  and  separate  or  settle  the  amalgam  which  it  contains.  Their 
construction  and  action  is  very  similar  to  amalgamating  pans  except  that  they 
are  made  larger,  usually  8  feet  diameter  instead  of  5  feet,  as  is  the  case  with  the 
pan,  and  since  they  do  no  grinding  there  are  no  dies  and  the  shoes  do  not  touch 
the  bottom.  They  also  have  a  series  of  plugs,  usually  three,  at  various  levels  in 
the  sides.  The  dimyensions  of  the  settlers  in  the  miUs  are  shown  in  Table  346. 
Fig.  449  shows  Fraser  &  Chalmers'  combination  8-foot  settler. 

table  346. — SETTLERS. 


MlUNo. 

DiAineter. 

Depth. 

No.  of  ReToIuUons 
per  Minute. 

Time  for  Settling 
One  Charge. 

S9 
88 
84 

Feet 
8 
8 
6 

Feet    iDchee. 
8           2 
4           0 
8           6 

18 
18 
16 

Hours. 
9 

4 
8 

The  shoes  are  either  of  wood  or  of  iron  set  at  an  angle  to  produce  a  current  and 
are  attached  to  the  muller,  which  may  be  either  a  circular  ring,  as  in  pans,  or 
Hmply  four  arms.  The  bottoms  of  settlers  generally  slope  toward  the  periphery, 
and  there  is  a  groove  in  the  bottom  around  tae  margin  which  deepens  toward  one 
point,  where  there  is  a  connection  with  an  amalgam  well  or  bowl  outside.  The 
mercury  runs  out  and  accumulates  in  the  bowl,  whence  it  is  removed  by  a  plug  or 
*>y  dipping  it  out. 

All  three  of  the  mills  of  Table  34f>  contain  one-half  as  many  settlers  as  there  are 
amalgamating  pans,  and  th^  time  of  treatment  in  settlers  is  consequently  one-half 
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as  long  as  in  the  pans.  The  routine  in  Mill  83  will  serve  as  an  illustration  of  the 
use  of  settlers.  This  mill  has  24  pans  and  12  settlers,  as  shown  in  Fig.  450.  The 
odd  pans  are  charged  every  8  hours,  and  the  even  pans  at  equal  intervals  between. 
Every  four  hours  either  the  12  odd  or  the  12  even  pans  are  discharged  to  the  set- 
tlers.    The  muUer  of  the  settler  is  kept  revolving  continuously.     The  pan 


FIG.  449. — SECTION  OF  SETTLER. 
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FIG.  450. — SKETCH  OF  PANS  AND  SETTLERS  IN  MILL  83. 


charge  is  hosed  out  and  run  into  the  settler  with  suflBcient  cold  water  to  fill  the 
latter.  This  dilutes  the  pulp  and  dlows  the  amalgam  to  settle.  The  consistency 
of  the  mass  must  be  such  that  the  sand  is  kept  in  suspension  while  the  amalgam 
settles  to  the  bottom.  The  speed  of  the  muller  may  nelp  or  hinder  this,  as  the 
higher  the  speed  the  harder  it  is  for  the  mercury  to  collect  together  and  settle.  It 
should  be  noted  that  the  speed  of  revolution  is  much  lower  than  in  pans,  never 
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being  over  20  per  minute  even  for  coarse  sand.  After  the  muUer  has  been  revolv- 
ing 2^  hours  the  hose  over  the  settlers  is  turned  on,  causing  them  to  overflow  from 
a  little  spout  at  one  side.  This  water  is  best  added  as  a  spray,  which  not  only 
avoids  stirring  up  the  pulp,  but  helps  the  settling.  Thirty  minutes  later  the  top 
or  No.  1  plug  is  opened ;  twenty  minutes  after  this.  No.  2,  and  twenty  minutes 
later.  No.  3  plug.  After  running  from  No.  3  plug  for  20  minutes  the  hose  is 
shut  off  andHhe  charge  from  the  alternate  pan  is  run  in.  Thi^  makes  the  total 
time  of  treating  a  clmrge  in  settlers  as  4  hours.    Some  coarse  heavy  sand^  un- 


FIQ.  451. — SECTION  OP  AGITATOR. 


ground  sulphurets,  amalgam,  mercury  and  iron  accumulate  in  the  bottom,  so  that 
settlers  are  cleaned  out  periodically  and  the  products  may  be  reworked  in  pans. 

In  designing  mills  Fraser  &  Chalmers  rate  settlers  as  requiring  5  horse  power. 

Settlers  yield  amalgam  and  tailings  which  overflow  either  to  agitators  or  else 
go  directly  to  waste. 

Tn  the  JBoss  system  of  pan  amalgamation,  the  pulp  from  the  pans  runs  continu- 
ously through  the  settlers  and  it  requires  but  little  dilution.     To  cool  the  pulp 
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there  is  a  spiral  pipe  around  the  inside  of  the  settler  through  which  odd  water 
circulates. 

§  556.  Agitators. — These  are  used  in  some  mills  to  follow  settlers  and  act  as  a 
guard  for  them.  They  also  catch  the  drainings  of  the  mill  floors.  They  are  in 
the  form  of  broad  shallow  wooden  pans,  in  which  are  vertical  stirrers  suspended 
from  the  horizontal  arms  of  a  revolving  muUer.  The  Fraser  &  Chalmers  agita- 
tor is  shown  in  Fig.  451.  The  dimensions  of  them  in  the  mills  are  given  in  Table 
347. 

TABLE   347. — ^AGITATORS. 


Mill 
No. 

Diameter. 
Feet. 

Depth. 
Feet. 

No.  of  RevolutioBB 
per  Minute. 

82 
88 
84 

13 
8 
8 

4 

18 
26 
25 

Mill  82  has  5  agitators  for  12  settlers,  Mill  83,  4  for  12,  and  Mill  84,  2  for  10. 
The  speed  of  revolution  is  low  and  varies  inversely  as  the  diameter. 

Agitators  are  furnished  with  a  constant  stream  of  water,  the  pulp  from  set- 
tlers being  fed  and  discharged  as  overflow  at  the  same  time.  They  collect  some 
coarse  sand,  a  little  mercury,  amalgam,  sulphurets  and  iron,  but  the  amount  saved 
is  small.  The  accumulations  are  generally  shoveled  out  about  once  a  month.  In 
Mill  82  they  are  cleaned  out  every  12  hours,  and  the  cleanings  sent  back  to  pans. 
The  tailings  which  overflow  from  agitators  are  generally  waste. 

§  657.  A  Wheel  Agitator  is  used  in  Mill  82  to  treat  the  tailings  of  the  regu- 
lar agitators.  It  consists  of  a  tank  in  which  a  cylindrical  paddle  wheel,  12  feet 
in  diameter,  is  driven  by  a  belt  at  the  rate  of  13  revolutions  per  minute.  This 
agitates  the  sand  and  allows  mercury  and  amalgam  to  settle.  It  also  elevates  the 
water  and  sand  in  six  buckets  on  each  side  of  the  wheel  suflSciently  to  remove  them 
from  the  tank  and  allow  them  to  flow  to  the  pond.  These  buckets  are  6X6X3 
inches  in  size  and  are  placed  at  some  distance  inside  the  periphery  of  the  wheel. 

There  are  various  other  amalgamating  devices,  for  the  description  of  which  the 
reader  is  referred  to  works  on  metallurgy. 


Cleaning  Amalgam,  Eetorting,  Melting,  Care  op  Mercury,  Losses. 

§  558.  Cleaning  Amalgam. — ^The  amalgam  which  is  obtained  from  the  plates 
and  the  mortar,  is  more  or  less  dirty  from  the  presence  of  sand,  fine  sulphurets 
or  iron  and  base  metal  amalgam.  The  plate  amalgam  is  generally  cleaned  sepa- 
rately from  the  battery  amalgam,  but  the  procedure  is  much  the  same  in  both  cases. 
The  sand  and  iron  may  be  removed  by  washing  in  small  batches  in  a  gold  hand 
pan,  and  the  removal  of  fine  sulphurets  and  base  metal  amalgam  may  be  done  by 
repeated  grinding  in  either  a  Wedgewood  or  a  muUer  mortar,  with  an  addition  of 
quicksilver  and  warm  water,  which  brings  them  to  the  surface,  whence  they  arc 
skimmed  oflE.  Pouring  from  one  dish  to  another  will  cause  impurities  to  rise. 
Instead  of  by  gold  pans  and  mortars,  the  amalgam  is  frequently  cleaned  mechan- 
ically in  a  clean  up  barrel  or  a  clean  up  pan,  as  described  in  §  217  and  §  228,  and 
the  skimmings  may  be  re-ground  and  finally  cleaned  with  a  little  cyanide  of  po- 
tassium, or  where  mostly  base  metal  amalgam,  they  may  be  retorted  separately 
and  the  residue  melted  repeatedly  with  nitre  and  borax  to  get  a  gold  button. 

At  Mill  71  the  sulphurets,  which  are  separated  from  the  plate  amalgam,  are 
roasted  in  a  small  furnace  and  then  smelted  with  fluxes  in  a  crucible. 
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The  sulphurets  which  are  separated  from  the  daily  amalgam  in  Mill  73  are  often 
worth  $10.00  per  pound,  and  therefore  allowed  to  accumulate,  and  at  the  end  of 
the  month  are  treated  by  themselves  in  the  clean  up  barrel  with  quicksilver.  The 
skimmings  from  all  amalgam  from  the  clean  up  barrel  are  comparatively  clean 
and  are  retorted  and  melted  into  a  separate  bar  which  is  of  low  grade. 

§  659.  Squeezing  Amalgam. — ^The  cleaned  amalgam  is  next  squeezed  through 
buckskin,  chamois  skin,  closely  woven  drilling  or  fine  canvas  (cotton  duck),  all 
of  which  may  or  may  not  have  been  thoroughly  wetted  with  water.  The  cloth  or 
leather  is  laid  over  a  vessel  and  the  amalgam  put  in  the  center.  The  squeezing  is 
done  by  gathering  up  the  free  ends  and  twisting,  generally  under  cold  water,  so 
as  to  compress  the  amalgam  and  at  the  same  time  squeezing  it  with  the  hand. 
Mechanical  squeezers  have  been  invented  but  are  not  generally  used.  The  Alaska 
Treadwell  Co.,  however,  which  has  a  very  large  stamp  mill,  has  recently  installed 
a  hydraulic  amalgam  squeezer  which  seems  applicable  there,  owing  to  the  magni- 
tude of  the  operation.  To  save  the  labor  of  squeezing  a  large  amount  of 
amalgam.  Mill  66  first  strains  it  through  a  regular  strainer  as  used  in 
silver  mills,  which  is  a  conical  canvas  bag  suspended  from  a  ring.  The  amalgam 
that  fails  to  pass  through  the  strainer  is  squeezed  in  the  regular  way.  The  mer- 
cury squeezed  out  is  No.  1  amalgam,  as  previously  stated  in  §  514,  and  is  used 
over  again.  The  amount  of  gold  and  silver  in  it  is  independent  of  the  pressure 
used.  Louis  has  shown,  however,  that  the  amount  is  greater  at  the  beginning  and 
end  than  at  the  middle  of  the  -squeezing  and  greater  at  the  end  than  at  the  begin- 
ning. He  also  shows  that  the  amount  is  greater  the  higher  the  temperature  of 
squeezing.  In  one  case  the  liquid  squeezed  out  at  17® C.  contained  0.57  parts  gold 
in  a  thousand,  while  that  squeezed  out  at  51®C.  contained  1.73  parts;  another  case 
gave  0.46  parts  at  18®C.  and  1.10  parts  at  72^*0. 

The  practice  of  hot  straining  at  or  near  212*"  P.,  formerly  used  to  some  extent 
for  the  separation  of  lead  amalgam,  has  now  been  generally  given  up  since  it  led 
to  considerable  loss  of  quicksilver  and  to  the  salivation  of  the  men.^^'^  Louis 
Janin,  Jr.,*  reports  that  the  method  is  most  successful,  but  has  been  given  up  sim- 
ply because  ores  containing  so  much  lead  (15  to  30%)  are  now  shipped  and 
smelted  instead  of  being  amalgamated.  Some  of  the  mills  now  use  warm  water 
at  about  100®  F.,  but  this  is  simply  to  make  the  amalgam  more  liquid  and  enable 
more  of  the  mercury  to  be  squeezed  out. 

§  560.  Eetorting  Amalgam. — Retorts  are  of  cast  iron  and  are  of  two  kinds : 
(1)  the  cylindrical  retort  which  is  mounted  horizontally  in  a  fixed  position  in  a 
furnace  and  is  shown  in  Fig.  452,  and  (2)  the  pot  retorts  of  various  sizes,  which 
are  usually  smaller  than  the  cylindrical  form  and  have  no  fixed  furnace  but  are 
temporarily  set  into  a  pot  furnace  or  over  a  blacksmith's  forge  or  simply  have  a 
fire  built  beneath  them.  A  pot  retort  is  shown  in  Fig.  453.  Both  forms  have  a 
delivery  pipe  which  leads  to  a  Liebig  condenser.  A  cover  or  a  door  is  provided 
which  can  be  luted  on  tight.  Retorts  are  smooth  inside  and  in  pot  retorts  before  put- 
ting in  amalgam,  to  prevent  sticking,  the  inside  walls  should  be  coated  with  chalk 
or  whitening  or  a  thin  paste  of  ground  fire  clay  and  graphite.  Paper  is  sometimes 
used,  which  chars  and  makes  a  coating.  Mill  73  has  found  a  paste  of  good  oak 
ashes,  finer  than  40  mesh  and  free  from  dirt,  to  be  the  best  material  for  luting, 
as  there  is  no  shrinkage.  Cylindrical  retorts  have  semi-cylindrical  trays  in  them 
in  which  the  amalgam  is  placed,  while  in  pot  retorts  the  amalgam  is  placed  di- 
rectly into  the  retort  and  left  loose  or  rammed  down  by  a  rod  having  a  nut  on  the 
end,  80  that  the  retort  is  not  over  three-fourths  full.  It  is  well  to  make  a  vent 
hole  for  tibe  mercury  vapor  down  the  center.  Louis  recommends  that  a  disc  of 
asbestos  board  be  placed  on  the  amalgam  to  prevent  spirting.    After  the  amal- 
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FIG.  452. — SECTION  OF  CYLINDRICAL  BETOBT 
AND  FURNACE. 


gam  is  all  in  and  the  retort  tightly  sealed,  the  fire  is  started  and  the  retort  gradu- 
ally heated.  Care  should 
be  had  to  apply  only  a  mod- 
erate heat  at  first,  just 
enough  to  cauae  the  mer- 
cury to  distil  over  gently. 
Too  high  a  heat  at  the  stak 
will  cause  more  mercury  to 
be  retained  in  the  end. 
The  mercury  vapor  passes 
over,  is  condensed  and  dis- 
charged into  a  vessel  of 
water.  The  discharge  pipe 
should  dip  but  slightiy  into 
the  water  in  order  that  there 
may  be  no  danger  of  an  ex- 
plosion from  water  being 
sucked  back  if  the  retort 
cools.  To  avoid  dipping 
the  pipe  into  the  water  a 
gunny  sack  extension  to  the 
pipe  may  dip  in  the  water 
and  will  at  the  same  time 
prevent  both  explosion  and 
salivation  of  attendant.  At 
the  end,  when  the  mercury 
has  ceased  to  come  over,  the 
heat  should  be  raised  to  red- 
ness for  a  few  minutes  to 
drive  off  as  much  mercury 
as  possible,  and  then  the  re- 
tort left  to  cool  before  being 
opened.  The  residue  usu- 
ally separates  easily  from 
the  retort  or,  if  not,  a  chisel 
and  hammer  are  necessary. 
A  few  of  the  details  of  re- 
torting and  of  the  retorts 
as  found  in  the  miUs^  are 
given  in  Table  348. 

Wood  is  the  best  fuel. 
The  amount  required  in 
Mill  66  is  about  J  cord  per 
charge;  at  the  Harshaw 
mill  one  cord  of  oak  re- 
torted 7  or  8  charges  of 
800   pounds  each.    Betorts 


FIG.  463. 


are  not  long  lived.  If  the  last  1  or  1\%  of  mercury  is  to  be  driven  off,  a  white 
heat  is  necessary,  which  melts  part  of  the  bullion  and  at  the  same  time  causes 
the  iron  to  become  bent  and  burnt  out.  Cylindrical  retorts  should  be  made  so  as 
to  be  turned  from  time  to  time  to  expose  new  surfaces  to  the  fire,  and  should 
be  well  supported  to  prolong  their  life.  Warping  and  burning  of  the  iron  also 
occur  where  a  cherry  red  temperature  is  used  so  that  in  a  silver  mill,  with  con- 
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ptant  use,  J.  M.  Adams  was  able  to  make  a  retort  last  only  \\  years,  although 
the  best  of  care  was  given  to  it. 

TABLB  348. — ^BETOBTS. 
Abbreriatioiis.— FtsFeet;  ^n.=Iiiche8;  No.=Niimber. 


urn  No. 

Kind  of  Retort 

Length. 
FtTln. 

Diameter. 
Inches. 

Weight  of  Charge. 
Pounds. 

How  Often  Run. 
Days. 

Time  for  Retorting 
Hours. 

S7 

QjllDdricaL 

P6t 

8      0 

10 

68 

14 

80 
80 

4  or  5 

01 

OyUndrical 

QrUndrksal 

CgrlliKlrioaL 

%       4 

1       6 
8       0 

10 
9 
18 

8to6 

OS 

66 

800 
1,600 

6 

67 

80 
14 
80 

68 

Cylindrical 

0 

» 

Cylindrical 

Cylindrical 

6       0 

18 

6 

8S 

1,000 
1,600 

(c)8 

84 

qylindricaL 

5       0 

14 

eto8 

(a)  It  can  take  1,000  pounds.  (6)  There  are  several  charges  at  this  time  from  the  clean  up.  It  is  also  run 
at  other  times  whenever  1,000  poands  of  <MnAig«uTi  have  accumulated,  (c)  The  retort  Is  charged  and  fired  about 
9  ▲.  M.  and  firing  continued  untU  6  P.  M.   It  cools  over  night  and  is  opened  the  next  forenoon. 

The  retort  residue  contains,  in  addition  to  gold  and  silver,  base  metals  (chiefly 
lead,  copper,  arsenic  and  antimony)  which  were  not  removed  at  the  time  of  clean- 
ing the  amalgam  and  were  not  volatilized.  It  also  contains,  according  to  Rose, 
at  least  0.1%-  mercury,  which  can  be  driven  oflf  only  by  melting.  This  seems  a 
very  low  figure  to  the  author.  The  amount  of  base  metals  in  the  residue  will 
vary  with  the  conditions,  such  as  the  kind  of  ore,  the  purity  of  the  water,  the 
care  taken  not  to  scrape  plates  to  bare  copper  and  the  care  in  cleaning  amal- 
gam. Thus  in  Mill  66  where  the  conditions  are  very  favorable,  the  retort  residue 
is  935  to  956  fine  in  gold  and  is  shipped  direct,  thereby  saving  the  cost  and  labor 
of  melting.  On  the  other  hand,  the  retort  residue  at  the  Peak  Hill  mine,  New 
South  Wales,  was  a  black  mass  of  copper  oxide,  iron  and  gold  caused  by  the  ac- 
tion of  acid  water  containing  copper  sulphate  upon  fine  particles  of  iron  causing 
them  to  amalgamate.^* 

§  561.  Loss  IN  Weight  by  Retorting  or  the  Proportion  of  Bullion  in 
Amalgam  after  Squeezing. — This  varies  within  rather  wide  limits.  Where 
tlie  gold  is  coarse  the  percentage  of  bullion  will  be  higher  than  where  it  is  fine, 
owing  to  the  presence  of  unpenetrated  nuggets.  The  harder  the  amalgam  is 
sque^ed,  the  higher  it  will  retort.  Working  it  in  warm  water  also  tends  to  raise 
its  per  cent.  The  evidence  indicates  that  where  unpenetrated  nuggets  are  ab- 
sent, the  contents  of  gold  will  always  fall  a  few  per  cent,  below  the  theoretical 
40%  of  No.  2  amalgam,  owing  to  a  little  remaining  No.  1  amalgam  in  its 
interstices.  Since  coarse  gold  is  caught  nearer  the  battery  than  fine,  it  follows 
that  amalgam  from  the  head  of  the  plates  loses  less  than  that  from  the  foot.  The 
figures  which  the  author  has  obtained  from  the  mills  are  given  in  Table  349,  and 
show  that  squeezed  amalgam  contains  from  17  to  60%  bullion. 

TABLE  349. — ^percentage  OF  BULLION  IN  SQUEEZED  AMALGAM. 


MiU. 

Percent 

MIU. 

Percent. 

M 

«,  78  and  74... 

About  60 

88 
88  to  40 
60  to  00 

About  88 

Caledonia 

88 

S6 

17 

86  to  86 

7  to  10 

Deadwood  Terra 

Harshaw  (Silver) 

m 

Twelve  Apostles  (summer) 
Twelve  Apostles  (winter). 

6B 

I        Mills  66,  the  Caledonia  and  the  Deadwood  Terra  are  all  near  together  in  the 
^    Black  HQls,  but  they  form  a  decreasing  series.     In  the  second  the  amalgam  is 
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pot  so  carefully  cleaned  as  in  the  other  two,  while  in  the  third  the  gold  is  finer 
than  in  the  other  two.  The  per  cent,  given  for  Mill  66  is  the  average  of  the  mill. 
Samples  taken  from  the  head  of  the  plates  retorted  35  to  37%,  while  those 
from  the  tail  retorted  only  20  to  22%.  Silver  amalgam  gives  a  much  lower  per 
cent,  of  bullion  than  gold.  There  are  three  things  which  would  cause  the  per  cent, 
of  bullion  in  silver  amalgam  to  be  different  from  that  in  gold  amalgam.  First, 
the  specific  gravity  of  silver  is  only  a  little  over  one-half  that  of  gold.  Second,  silver 
amalgam  usually  contains  no  unpenetrated  nuggets.  Third,  silver  may  be  com- 
bined with  mercury  in  different  proportion  than  gold.  The  first  and  second  would 
tend  to  lower  the  per  cent,  of  bullion  in  silver  amalgam,  while  the  third  would 
either  reduce  or  increase  it  as  the  case  might  be. 

§  562.  Melting. — The  residue  left  in  the  retort  is  taken  out,  cut  up,  if  neces- 
sary, and  melted  in  a  graphite  crucible  in  a  pot  furnace.  Before  a  graphite  cruci- 
ble is  used  for  the  first  time  it  should  be  annealed  by  drying  it  thoroughly  and 
then  gradually  heating  it  upside  down  until  it  is  red  hot.  Louis  recommends 
good  clay,  or,  better.  Salamander  crucibles,  especially  where  fluxes  are  to  be 
used,  as  the  latter  cut  the  graphite  crucibles  badly.  The  diameter  of  the  furnace 
should  be  at  least  5  or  6'  inches  larger  than  the  outer  diameter  of  the  crucible, 
and  should  allow  of  5  inches  space  between  the  bottom  of  the  crucible  and  the 
grate.  Charcoal,  or,  better,  coke  shoidd  be  used  for  fuel.  The  crucible  usually 
rests  on  a  brick  on  the  grate,  and  is  heated  hot  before  the  metal  is  put  in.  A 
cover  is  used  so  that  the  crucible  is  imbedded  in  fuel.  The  common  fluxes  used 
are  borax,  soda,  nitre,  and  silica.  The  more  soda  used  the  more  liquid  the  slag 
is,  and  the  better  for  pouring ;  the  more  silica,  the  higher  will  be  the  fineness  of 
the  bullion,  but  the  slag  is  more  pasty  and  liable  to  contain  shots.  Nitre  eats  the 
crucible  and  is  best  not  added  until  near  the  end  of  the  process;  its  office  is  to 
oxidize  copper,  lead,  iron,  etc.  Some  mills  add  a  little  corrosive  sublimate  near 
the  finish  after  the  slag  is  skimmed  off.  The  pouring  should  be  delayed  from  two 
to  ten  minutes  after  its  addition,  until  the  white  fumes,  which  are  poisonous,  are 
all  off.  Its  action  is  to  give  off  chlorine,  which  combines  with  and  volatilizes  any 
arsenic  or  antimony  present. 

The  slag  which  is  formed  on  top  may  be  skimmed  off  by  passing  over  the  sur- 
face a  flat  coiled  rod  of  cold  iron,  or  the  slag  may  remain  on  and  be  poured  with 
the  metal  into  the  ingot  moulds.  Just  before  pouring,  the  contents  of  the  crucible 
are  well  stirred  with  a  graphite  paddle.  After  pouring  where  the  slag  has  not 
been  removed,  as  soon  as  the  gold  has  set,  the  mould  is  overturned  into  a  bucket 
of  water  when  the  slag  will  easily  separate  from  the  metal.  Cast  iron  ingot 
moulds  of  various  sizes  are  used  which  are  smoked  evenly  by  inverting  over  a  fire 
of  cotton  waste,  coal  oil  and  pitch  or  rosin  and  then  heating.  Washing  with  oil 
is  often  used  instead  of  smoking.  When  the  ingot  is  cold,  it  is  sampled  by  taking 
two  chips  from  diagonally  opposite  corners,  and  then  shipped  to  the  U-  S.  Mint 
or  to  any  bullion  dealer.  The  slag  always  contains  more  or  less  gold,  and  it  is 
either  remelted  to  settle  out  most  of  the  shots  and  the  partly  cleaned  slag  sold  to  a 
smelter,  or  else  it  is  run  through  the  stamp  battery  along  with  old  crucibles. 

At  Mill  66  it  takes  four  hours  to  melt  four  bars,  weighing  1,000  to  1,400  ounces 
each,  and  the  graphite  crucible  lasts  8  to  12  charges.  The  cast  ingot  always 
weighs  less  than  the  retort  residue.  In  Mill  66  the  difference  was  1^%,  while 
in  the  Caledonia  mill,  where  the  amalgam  is  cleaned  less  carefully,  the  loss  was 
7%.  There  is  also  less  gold  in  the  cast  ingot  since  some  has  gone  into  the  slag 
and  adhered  to  the  walls  of  the  crucible.  The  loss  of  gold  in  this  way,  however, 
can  be  reduced  to  practically  nothing  by  sending  the  slags,  old  crucibles,  flue 
dust,  etc.,  back  to  the  stamps  or  to  the  clean  up  barrel. 

All  the  foregoing  applies  to  gold  mills.  In  silver  mills  the  process  of  melting 
is  very  similar  except  that  it  is  done  on  a  much  larger  scale.    Small  reverberatory 
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famaces  are  sometimeB  used;  fine  charcoal  is  sprinkled  over  the  ingot  directly 
after  pouring,  to  prevent  sprouting  and  the  sampling  of  the  ingot  is  done  by  taking 
borings  from  both  the  top  and  bottom. 

Sampling  a  gold  or  silver  ingot  requires  special  care,  since  if  there  is  even  a 
small  amount  of  other  metal  present  liquation  will  occur,  enriching  either  the  top 
or  the  bottom  of  the  ingot  In  this  case  a  dip  sample  taken  after  stirring  and 
just  gefore  pouring  is  preferable  to  either  boring  or  cutting  diagonally  opposite 
comers  of  the  ingot. 

§  663.  Fineness  op  Bullion. — The  ingot  after  melting  contains  gold,  silver 
and  almost  invariably  a  small  amount  of  base  metals,  usually  copper  and  iron. 
The  amount  of  gold  or  silver  in  it  is  given  by  its  fineness  or  number  of  parts  in  a 
thousand ;  thus  to  say  that  bullion  is  800  gold  fine  means  that  out  of  1,000  parts 
bullion,  800  parts  or  80%.  are  gold.  The  fineness  of  the  bullion  will  vary  in  dif- 
ferent mills  according  to  the  constituents  of  the  ore  and  water,  the  condition  of 
the  plates  and  the  care  that  is  taken  in  cleaning  amalgam.  The  composition  of 
the  bullion  from  a  few  of  the  mills  is  given  in  Table  350  to  show  the  variation 
that  may  occur,  and  these  do  not  include  extremes.  Perhaps  the  average  fine- 
ness in  gold  is  about  800.  The  increase  in  base  metal  contents  in  the  Caledonia 
mill  over  Mill  66  is  due  to  less  care  in  cleaning  amalgam. 

TABLE  350. — FINENESS  OP  BULLION. 


Mm  Number. 

FineDeasln 

Mill  Number. 

Fioeoess  in 

Gold. 

silver. 

Base  Metals. 

Gk>ld. 

Silw. 

Base  Metals. 

86 

986  to  066 

806 

806 

8W 
OeOtoOOS 

000 

00 

88  (Plates) 

88  (Pans) 

840  to  860 
600  to  600 

16 

80  to  600 

660 

708 

126  to  140 
400  to  600 

780 
400  to  860 

800 

188 

80 

61 

66 

166 

16 

67 

86 

Caledonia. 

60 

68 ; 

80O 

80 

§  564.  Care  and  Purification  of  Mercury. — The  mercury  or  No.  1  amal- 
gam that  is  separated  by  straining  is  generally  used  over  again  in  the  mill,  as 
the  small  amount  of  goid  and  silver  which  it  contains  makes  it  a  better  agent  for 
catching  gold  than  pure  mercury.  If,  however,  it  contains  besides  these  a  con- 
siderable amount  of  impurities,  such  as  base  metals  (lead,  copper,  iron,  bismuth, 
arsenic  and  antimony)  and  their  compounds,  it  is  best  to  clean  it  before  using  it 
over.  Impure  mercury  is  easily  recognized  by  the  fact  that  globules  are  pear- 
shaped  Tdth  tails  in  flowing  down  over  a  glass  plate  or  a  gold  pan,  and  they  do 
not  unite  readily.  It  will  also  leave  a  film  on  rough  blotting  paper,  and  when 
shaken  in  a  bottle  with  dry  air  a  black  powder  forms  on  the  surface.  On  the 
other  hand,  pure  mercury  gives  brighter  hemispherical  globules  and  exhibits  none 
of  the  properties  just  mentioned.  Mercury  may  be  made  somewhat  brighter  and 
livelier  by  the  addition  of  sodium  amalgam,  the  action  of  which  in  partially  re- 
moving impurities  has  already  been  explained  in  §  526.  At  the  Haile  gold  mine'^ 
sodium  phosphate  is  used  to  make  the  mercury  bright  and  lively.  Louis  Janin, 
Jr.,*  reports  that  zinc  amalgam  made  by  amalgamating  zinc  with  the  aid  of  sul- 
phuric acid  has  been  very  successfully  used  in  the  pan  amalgamation  of  silver 
ores  for  restoring  mercury  in  a  foul  condition  to  a  state  of  purity.  Retorting  at 
a  low  temperature,  having  the  retort  only  half  full,  and  using  a  cover  1  or  2  inches 
thick  of  charcoal  powder  or  quicklime  will  remove  the  most  of  the  impurities. 
Charcoal  powder  prevents  the  formation  of  any  volatile  oxides,  as  of  lead.  The 
quidLlime  breaks  up  any  sulphides  or  arsenides  contained  in  commercial  quick* 
silver,  and  which  might  distil  over  without  being  broken  up. 

Impurities  held  in  suspension  in  mercury  may  be  removed  by  allowing  it  to 
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run  through  a  cone  made  of  two  or  three  thicknesses  of  filter  paper  or  blotting 
paper  which  has  a  pin  hole  at  the  apex  of  the  cone.  Small  amounts  of  impuri- 
ties may  be  removed  by  treatment  with  caustic  potash,  dilute  acids,  potassium 
cyanide,  etc.  This  may  be  done  by  keeping  the  mercury  covered  by  one  of  these 
agents  and  stirring  occasionally,  or  it  may  fall  in  a  thin  stream  or  spray  through 
a  column  of  the  agent  four  or  five  feet  high. '  Mercury  should  be  kept  in  a  glass, 
earthenware,  or  porcelain  lined  vessel  under  a  layer  of  weak  potassium  cyanide 
solution  or  dilute  nitric  acid  (1  part  acid  to  4  of  water).  The  mercury  is  drawn 
off  from  a  stop  cock  in  the  bottom,  as  desired,  and  is  washed  with  water  before 
using.  The  use  of  two  such  vessels  allows  time  for  the  impurities  to  be  removed 
in  one  while  mercury  is  being  used  from  the  other. 

One  instance  is  reported  where  bismuth  is  present  in  the  ore  and  finds  its  way 
into  the  mercury.  To  remove  it  from  mercury,  the  mercury  is  placed  in  a  retort 
and  partly  distilled ;  then  the  retort  is  cooled  and  crystals  of  the  compound  of 
bismuth  and  mercury  (BiHgx)  which  collect  on  the  surface  of  the  mercury  in  the 
retort  are  removed  and  distilled  separately.  The  bismuth  residue  contains  about 
25%  gold,  which  is  shipped  to  refinery. 

§  665.  Lobs  op  Mercuby. — The  amount  of  the  loss  of  mercury  per  ton  of  ore 
has  already  been  given  in  §  186.  It  seems  proper  to  sum  up  here  the  various  ways 
in  which  losses  may  occur.  The  remedies,  as  far  as  known,  have  been  previously 
given  in  §  526.  (1)  Flouring  is  the  source  of  the  greatest  loss.  There  will  always 
be  some  floured  mercury  and  amalgam  which  is  in  such  a  fine  state  of  division 
that  it  will  escape  the  mercury  traps  and  go  into  the  concentrates  or  the  tailings. 
This  loss  is  less  the  oftener  the  plates  are  cleaned.  (2)  Mercury  may  adhere 
to  a  bright  spot  on  metallic  particles,  for  example,  included  grains  of  gold,  and 
pass  beyond  the  traps.  (3)  Mercury  may  be  lost  by  forming  an  amalgam  with 
copper  or  lead,  which  is  lighter  than  mercury  and  liable  to  be  lost.  (4)  Mer- 
cury may  be  lost  mechanically  in  many  ways  by  careless  handling.  If  spilled  on 
the  floor  it  divides  into  little  globules  which  cannot  all  be  recovered.  The  loss 
in  this  way  may  be  reduced  by  handling  mercury  as  far  as  possible  under  water, 
which  acts  as  a  blanket  and  prevents  spattering.  (5)  In  retorting,  a  small 
amount  of  mercury  (0.1%  or  over)  is  always  retained  in -the  retort  residue  and 
is  lost  in  melting;  a  small  amount  probably  also  escapes  into  the  air.  (6)  The 
evaporation  of  mercury  at  ordinary  temperatures  is  a  hardly  appreciable  source 
of  loss.  (7)  Under  certain  conditions  there  may  be  a  small  chemical  loss.  Thus 
sulphate  of  copper  in  the  battery  water  may  be  decomposed  by  mercury,  form- 
ing soluble  sulphate  of  mercury  and  a  copper  amalgam.  This  chemical  loss  is  a 
great  source  of  loss  in  pan  amalgamation. 

§  666.  Losses  op  Gold  in  Amalgamation. — ^This  may  take  place  in  any  or 
all  of  the  following  ways:  (1)  Flotation  of  fine  grains  which  do  not  come  in 
contact  with  the  mercury.  Having  numerous  drops  in  the  line  of  plates  and  using 
a  small  amount  of  water  reduces  this.  (2)  Included  grains  in  which  the  gold  is 
surrounded  by  gangue.  Finer  crushing  helps  to  avoid  this.  These  grains  will  be 
caught  in  many  cases  by  the  concentrates.  (3)  Busty  gold,  including  gold  sur- 
rounded by  a  film  of  any  foreign  substance  which  prevents  it  from  coming  in  con- 
tact with  mercury.  The  remedies  for  this  are  the  same  as  for  (2).  (4)  Com- 
pounds of  gold,  such  as  telluride.  These  may  be  saved  on  the  concentrating  ma- 
chines unless  crushed  too  fine.  (5)  Sickened  or  fioured  mercury  which  is  unable 
to  properly  attack  the  gold  or  is  so  fine  as  to  be  lost  in  the  tailings  and  may  carry 
gold  in  solution.  The  remedies  for  flouring  previously  given  reduce  the  loss  in 
this  way. 
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CHAPTER  XVIII. 

MISCELLANEOUS  PKOCESSES  OF  SEPARATION. 

This  chapter  includes  operations  of  occasional  application,  such  as  Magnetic 
Concentration  and  Roasting  for  Magnetism,  Pneumatic  Concentration  and  the 
following  minor  processes: 

Separation  by  Centrifugal  Force, 

Roasting  for  Porosity, 

Heating  for  Decrepitation, 

Disintegration  Followed  by  Screening, 

Disintegration  Followed  by  Settling  or  Elutriation,  — 

Weathering, 
'     Adhesion. 

Magnetic  Concentration. 

§  667.  When  Applicable. — Magnetic  separation  has  been  confined  in  prac- 
tice almost  entirely  to  the  separation  of  iron  ores  from  gangue,  or  from  other 
heavy  minerals.  Magnetite  has  been  separated  directly,  as  in  Mills  89  and  91. 
but  limonite,  hematite  and  siderite  have  almost  always  been  given  a  preliminary 
roasting  to  convert  them  into  the  magnetic  oxide,  as  in  Mill  93.  The  separation 
of  blende  from  pyrite,  or  other  iron  ores,  which  can  be  only  imperfectly  done 
in  the  wet  way,  is  readily  effected  magnetically  after  a  preliminary  roasting  to 
convert  the  iron  ore  to  magnetic  sulphide  or  oxide.  Recent  advances  in  the 
design  of  magnetic  separators  have  led  to  their  use  directly  on  ores  containing 
iron  or  manganese,  which  are  only  weakly  magnetic.  Thus,  in  Mill  92,  frank- 
linite,  garnet,  tephroite  and  fowlerite  are  separated  from  zinc  ores.  Tests  have 
also  shown  that  hematite,  limonite  and  siderite  can  be  separated  from  their 
gangue  in  this  way. 

In  regard  to  the  separation  of  minerals  other  than  iron  ores,  although  the 
author  faiows  of  no  plants  in  operation,  yet  small  scale  tests  have  made  a  separa- 
tion on  many  minerals  which  lie  so  near  one  another  in  specific  gravity  as  to  pre- 
clude a  separation  in  the  wet  way.  Among  these  separations  are  (1)  rutile  from 
apatite,  (2)  rutile,  garnet  and  monazite  from  one  another,  (3)  garnet  from 
garnetiferous  rocks  and  schists,  (4)  garnet  and  other  iniurious  iron  minerals 
from  corundum,  (6)  siderite  from  cryolite,  (6)  emery  from  gangue.  Wheir 
the  two  minerals  to  be  separated  lie  very  close  to  one  another  in  their  magnetic 
properties,  they  must  be  very  closely  sized  before  treating.  Sometimes  thoy 
are  so  close  that  a  separation  is  impossible,  as  was  the  case  with  a  certain 
chromite  ore  which  was  to  be  separated  from  serpentine. 

In  addition  to  iron  ores,  magnetic  separation  has  been  applied  to  various  waste 
products ;  for  example,  to  the  separation  of  iron  in  the  form  of  scrap  and  shots 
from  blast  furnace  refuse,  and  in  the  Bessemer  process;  also  to  the  separation 
of  iron  from  brass  turnings  in  machine  shops. 

§  568.  Designing  op  Electromagnets. — Stool  bars  may  be  magnetized  and 
retain  more  or  less  magnetism  indefinitely.  Bars  of  soft  wrought  or  of  east 
iron  may  be  magnetized  by  electric  currents  in  surrounding  coils  of  insulated 
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copper  wire.  These  iron  bars  form  electromagnets  as  long  as  the  current  flows, 
and  on  account  of  their  greater  strength  and  certainty,  are  preferred  to  the 
relatively  weak  and  uncertain  permanent  steel  magnets  for  practically  all  mag- 
netic machines. 

All  magnets  have  north  and  south  poles  and  would,  if  suspended,  line  them- 
selves up  with  the  compass  or  magnetic  meridian  of  the  earth.  The  poles  of  an 
electromagnet  may  be  reversed  by  simply  reversing  the  direction  of  flow  of  the 
electric  current.  The  magnetism,  or  magnetic  field  can  be  obtained  of  different 
intensities  ranging  from  indefinitely  weak  to  a  certain  maximum  of  strength. 
For  application  to  the  purposes  of  separation  of  ores,  it  is  necessary  to  be  able 
to  control  the  intensity  of  the  field  for  any  specific  separation.  Thus  magnetite, 
a  strongly  attracted  substance,  may  be  separated  from  apatite  by  a  comparatively 
weak  magnet,  while  the  separation  of  franklinite  from  willemite  and  calamine 
requires  a  magnetic  field  of  high  intensity,,  and  a  higher  still  to  separate  red 
garnet,  a  very  weakly  magnetic  substance,  from  corundum.  The  intensity  of  the 
magnetic  field  depends  on  the  size  of  the  magnet,  the  form  of  it,  the  distance 
between  the  body  to  be  attracted  and  the  magnet,  and  the  number  of  ampere- 
turns  in  the  magnet  coil,  that  is,  the  product  of  the  amperes  of  current  flowing 
in  the  coil  times  the  number  of  turns  around  the  core. 

The  unit  of  magnetic  field  used  by  electricians  is  represented  by  one  magnetic 
line  of  force  per  square  centimeter.  We  have  one  line  of  force  or  a  unit  field 
whenever  over  one  square  centimeter  there  is  a  pull  of  one  dyne  (1.019368  mg.) 
upon  a  magnetic  pole  placed  in  it.  The  conception  of  lines  of  force  expresses 
also  direction  as  well  as  quantity.  A  unit  pole  is  defined  as  a  pole  which  gives 
1  dyne  pull  upon  a  similar  pole  of  opposite  polarity  placed  at  1  centimeter  dis- 
tance from  it     To  get  a  practical  understanding  of  the  lines  of  force  we  mav 


Pio.  464. 


FIG.  455. 


FIG.  466. 


employ  MaxwelFs  law  that  magnetic  attraction  varies  as  the  square  of  the  num- 


ber  of  lines  of  force  or  P  (dynes)  =- 


8* 


where  P  represents  the  attraction  or 


pull  in  dynes,  B  represents  the  intensity  of  field  or  number  of  lines  per  square 
centimeter  and  A  represents  the  area  of  the  field.     Reversing  this  formula,  we 

get  B  =  yz—L..  To  illustrate  the  application  of  this  let  us  suppose  that  the 

attraction  between  the  poles  N  and  8  of  Fig.  456  has  been  found  to  be  200  dynes 
and  the  area  of  each  pole  face  is  2  square  centimeters.     Then  the  average  number 

of  lines  of  force  per  square  centimeter  i^yl — ,  or  50.13. 

The  magnetic  lines  existing  around  magnets  are  well  illustrated  by  Figs.  454, 
455  and  456.  These  three  figures  show  a  varying  amount  of  dispersion  or  scat- 
tering of  the  lines  of  force.  Fig.  454  shows  the  most  dispersion  and  Fig.  456 
shows  the  greatest  concentration. 
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§  569.  It  is  possible  in  this  work  to  give  only  the  prominent  points  on  the 

theory  and  design  of  electromagnets.     Magnetic  lines  of  force  are  analogous  to 

electric  currents.    They  both    form    closed    circuits.     Corresponding    to    the 

strength  of  the  electric  current  there  is  the  number  of  magnetic  lines  of  force 

produced;  to  the  resistance  of  the  electrical  circuit  corresponds  the  reluctance, 

as  it  is  called,  which  opposes  the  magnetic  lines  of  force ;  and  finally,  in  place 

of  the  electromotive  force,  which  tends  to  cause  electrical  currents,  there  is  the 

magnetomotive  force  which  tends  to  produce  magnetic  lines  of  force.     Just  as 

j.i_      x_     _j.i_    ^    1    A_-    1  X  electromotive  force  ,       . , 

the  strength  of  electrical  current=   — r-: ^r-. — t-. — \ — : rr  so  alao   the 

°  resistance  of  electrical  circuit 

-         .  ,.    ,.  .  .  magnetomotive  force 

number  of  magnetic  Imes  of  force  =  — ^ — ,  ^, t- — : — -^  • 

°  reluctance  of  the  magnetic  circuit 

The  magnetomotive  force  in  a  magnetic  circuit  is  directly  proportional  to  the 
number  of  ampere-turns;  the  reluctance  is  directly  proportional  to  the  length 
of  the  circuit  and  inversely  proportional  to  the  sectional  area,  and  likewise,  to 
the  permeability  of  the  substances  in  the  circuit. 

By  the  term  permeability,  commonly  denoted  by  /i,  is  meant  a  numerical 
coefiBcient  which  expresses  how  much  greater  the  number  of  lines  generated  in 
a  substance  by  a  given  magnetomotive  force  is  than  those  which  would  be  gen- 
erated in  air  by  the  same  force.  For  example,  a  magnetomotive  force  which 
will  produce  H  magnetic  lines  per  square  centimeter  in  air,  will  produce  B 
magnetic  lines  per  square  centimeter  in  a  piece  of  soft  annealed  iron.    The 

ratio  -^  la  /I.  The  permeability  of  air  and  all  the  non-magnetic  ma- 
terials is  practically  1;  that  of  magnetic  substances  is  greater  than  1.  The 
value  H  is  generally  used  as  a  measure  of  the  magnetomotive  force.  The  per- 
meability of  iron  is  of  special  interest  as  it  varies  with  the  magnetomotive  force 
and  with  the  kind  of  iron.  This  is  well  shown  by  Fig.  457,  where  the  mag- 
netomotive force  H,  or  a  number  of  lines  per  square  centimeter  in  air,  is  plottSl 
as  abscissae  and  the  corresponding  number  of  lines  B  per  square  centimeter  in 
iron  is  plotted  as  ordinates.  For  annealed  wrought  iron  and  cast  iron  this 
relation  is  also  given  in  Table  351. 

TABLE  351. — ^PERMEABILITY. 


Annealed  Wrought  Iron. 

Annealed  Wrought  Iron. 

Gray  Cast  Iron. 

B. 

H. 

M- 

B. 

H. 

^^ 

B. 

H, 

/*. 

6,000 

1.66 

8,000 

16,000 

28.6 

626 

4,000 

6 

80O 

9,000 

2,260 

16,000 

50 

820 

5,000 

10 

600 

10,000 

2,000 

17,000 

106 

161 

6,000 

21.6 

879 

11,000 

6.5 

1,608 

18,000 

200 

90 

7,000 

42 

188 

18,000 

8.6 

1,412 

19,000 

8S0 

64 

8,000 

80 

100 

ia,ooo 

19 

1,068 

90,000 

666 

80 

9,000 

127 

n 

14,000 

17 

828 

10,000 
11,000 

188 
298 

63 

87 

It  will  be  seen  that  iron  does  not  give  a  proportional  increase  in  £  for  an  in- 
crease in  H,  and  consequently,  the  permeability  decreases.  It  is  not  possible 
to  get  a  value  of  B  in  soft,  annealed  iron  much  above  20,000,  without  using 
an  enormous  magnetomotive  force,  and  this  point  is,  therefore,  called  the  point 
of  saturation  of  the  iron.  In  designing  electromagnets  it  is  generally  not  gopd 
economy  to  let  B  go  above  16,000  for  wrought  iron,  or  above  6,000  for  cast  iron. 

§  570.  It  is  possible  to  express  the  number  of  linos  of  force  in  a  magnetio 
circuit  by  a  formula.  Let  S  denote  the  number  of  turns  in  the  coil;  let  % 
denote  the  strength  of  the  current,  that  is,  the  number  of  amperes;  let  I  be 
the  length  of  the  ciicuit  in  centimeters  and  A  the  area  of  its  cross  section  in 


§  570 


MiaCELLANEOUa  PROCESSES  OF  SEPARATION. 


793 


square  centimeters;  let  u  denote  the  permeability  as  before,  and  let  N  be  the 
total  number  of  magnetic  lines  flowing  through  the  circuit,  or  as  it  is  frequently 
called^^the  magnetic  flux. 

4  It  Si 
Then  magnetomotive  force=     ^^    =1,257  8i. 


10 


I 
Magnetic  reluctance=  ^"T^* 

4:^  8i 


Magnetic  flux,  -y= 


10 


Afi 


The  symbol  z  is  to  indicate  a  summation  where  different  parts  of  the  mag- 


0       S        10  M  to  40  BO 

FIG.  457. — CURVES  OF  PERMEABILITY 
OP  DIPFERENT  KINDS  OF  IRON. 


FIG.  458. — ELECTROMAG- 
NET USED  FOR  LEAK- 
AGE EXPERIMENTS. 


netic  circuit  are  not  all  of  the  same  size  and  material.  In  that  case  the  reluc- 
tance of  each  part  must  be  calculated  separately  and  all  finally  added  together. 
The  last  formula  shows  how  to  calculate  the  strength  of  field  of  a  magnet 
already  constructed.  What  is  ipore  frequently  desired  is  to  construct  a  magnet 
which  will  give  a  certain  strength  of  field.  The  various  steps  to  accomplish 
this  are  as  follows: 

(1)  Decide  on  the  strength,  length  and  area  of  cross  section  of  the  field 
or  air  gap  between  the  poles.  Since  the  best  wrought  iron  cannot  economically 
carry  more  than  16,000  magnetic  lines  per  square  centimeter,  it  follows  that 
the  number  of  lines  per  square  centimeter  in  the  air  gap  cannot  go  beyond  this, 
and  for  economy  it  will  be  much  below.  Let  it  be  assumed,  for  a  specific  example, 
that  a  field  of  4,000  lines  per  square  centimeter  is  desired  over  an  area  of  100 
sqnare  centimeters,  or  400,000  lines  in  all. 

(2)  Estimate  the  leakage  or  the  number  of  extra  lines  which  it  will  be 
necewary  to  produce  in  order  to  attain  the  desired  strength  of  field.  The 
number  of  these  extra  lines  which  depart  from  the  circuit  of  the  ihain  body 
of  lines,  will  depend  upon  the  shape  of  the  magnet  and  the  length  of  the  air 
gap.  A  magnet  like  that  of  Fig.  455,  has  more  leakage  than  one  like  Fig.  456. 
The  amount  of  leakage  can  be  only  roughly  estimated.  For  a  magnet  like 
the  last,  with  an  air  gap  of  \  inch,  it  may  be  about  0.3  of  the  useful  lines,  and 
for  larger  air  gaps  it  will  be  greater.  Probably  in  no  case  will  it  ever  be  over 
twice  the  number  of  useful  lines  even  in  a  poorly  designed  magnet  of  the  form 
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of  Fig.  456.  This  leakage  is  always  a  very  important  quantity  in  all  electro- 
magnets. To  give  an  idea  of  its  variations,  the  following  results  of  experi-v 
ments  made  by  Thompson  on  a  magnet,  as  shown  in  Fig.  458,  are  given  in 
Table  352.  The  cores  of  the  magnet  were  13-mm.  diameter,  and  the  coil 
consisted  of  178  turns.  The  three  coils  A,  B,  and  C,  were  connected  with  gal- 
vanometers and  served  to  show  the  number  of  magnetic  lines  of  force  which 
passed  through  them  under  different  conditions. 

TABLE  352. — LEAKAGES  IN  THE  MAGNETIC  CIRCUIT  OF  FIG.  458. 


Position  of  Armature. 

Number  of  Lines  per  Square 
Centimeter. 

Position  of  Aimature. 

Number  of  Lines  per  Square 
Centimeter. 

At.ll. 

AtB. 

At  C. 

At^ 

AtB. 

At  C. 

With  Current  of  0.7  Ampere. 

With  Current  of  8.7  Amperes. 

In  contiM^t. 

18,608 
i;6&2 
1,140 
1.014 
«76 

18,870 
8,168 
1,487 
1,061 
1,014 
675 

14,190 

8,786 
2,839 
8,028 
1,690 
1,853 

In  contact. 

80,940 
5,610 
4,597 
8,509 
1,149 

88,880 
7,668 
6,788 
8,845 
8,704 
8,806 

81.960 

1  mm.  from  polee. 

5  mm.  from  poles 

10  mm.  from  poles 

Removed ...... 

1  mm.  from  poles 

2  mm.  from  poles 

5  mm.  from  poles 

10  mm.  from  poles 

Removed 

11,881 
8.808 
7,486 
7.008 
0,417 

With  Current  of  1 .7  Amperes. 

With  Current  of  5.7  Amperes. 

In  contact.. 

18,240 
8,570 
8,866 
1,868 
811 

io,5go 

8,881 
8,889 
8,299 
1,8&8 
1,806 

20,283 
6,408 
6,078 
5,949 
8,381 
8,041 

In  contact 

81,960 
8,110 
5,611 
4;056 
8,089 

28.660 
10,810 
8,464 
6,878 
4,057 
8,581 

84,040 

1  mm.  from  poles 

2  mm.  from  poles 

6  mm.  from  poles 

10  mm.  from  poles 

RemoTed 

1  mm.  from  poles 

2  mm.  from  poles 

5  mm.  from  poles 

10  mm.  from  poles 

Removed 

17,880 
15.886 
18,687 
10,148 
9,785 

Let  it  be  assumed  for  the  special  magnet  outlined  in  (i),  that  an  air  gap 
of  J-inch  length  is  desired.  Then  the  number  of  magnetic  lines  of  force  to  pas-s 
through  the  iron  core  will  not  be  400,000,  but  will  be  1.3  times  400,000  or 
620,000. 

(3)  Calculate?  the  size  of  core.  Since  the  iron  cannot  economically  cam 
more  than  16,000  lines  per  square  centimeter,  it  follows  that  the  cross  section 

of  the  core  must  be      acicic\   ^^  ^^i  square  centimeters,  which  corresponds 

to  a  diameter  of  6.4  centimeters. 

(4)  Determine  the  length  of  the  core,  yoke  and  pole  pieces.  The  length  of 
the  core  has  to  be  assumed  and  the  calculation  carried  through;  if  at  the  end 
it  is  found  that  a  wrong  length  has  been  assumed,  then  another  value  is  taken 
and  the  calculation  repeated.  A  good  figure  of  length  of  core  to  assume  for 
the  first  calculation  is  to  make  the  length  equal  to  4^  times  its  diameter.  The 
length  of  the  yoke  and  also  of  the  pole  pieces  (if  any  are  used),  must  be  deter- 
mined at  this  point.  These  lengths  should  be  as  short  as  possible  consistent 
with  ample  space  for  the  winding  of  the  cores.  The  yoke  may  economically  be 
made  of  larger  cross  section  than  the  cores.  Let  it  be  assumed  for  the  calcula- 
tion that  each  core  be  28.8  cm.  long,  the  yoke  21  cm.  long  and  each  pole  piece 
10.2  cm.  long.     This  makes  a  total  length  of  99  cm. 

^5)  Calculate  the  ampere-turns  required.    This  may  be  readily  done  by  refer- 

^*  8% 


ring  to  the  formula  for  magnetic  flux: 


N^ 


^      10 


/ 


w'hich  transposed  is  Si=—  XN  X  ^  -^ — • 

In  the  magnet  under  consideration  this  formula  has  to  be  applied  separately 
to  the  air  gap  and  to  the  cores,  yoke  and  pole  pieces.     For  the  air  gap,  N=: 
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400,000, 1  =  0.635  cm.  (J  inch),  A  =  100  sq.  cm.  and  A  =  1,  and  the  number  of 

=  2,021.      (I) 


ampere  turns  required  will  be  Si=^^  X  400,000  X  ^^. 


For  the  iron  cores,  yoke  and  pole  pieces,  JV^=520,000;  1=99  cm.,  the  total 
length  of  iron,  that  is,  of  cores,  yoke  and  pole  pieces ;  A  =  32^  sq.  cm.,  except 
at  the  ends  of  the  pole  pieces  which  may  be  neglected,  and  M,  as  given  in  Table 
351  for  a  value  of  £=16,000,  is  320.     Hence  the  number  of  turns  required  for 


99 


3,939. 


(U) 


the  iron  will  be  Si  =  )^  X  620,000  X  ^_  ^ 

4  ^  o2.o  X  oZO 

The  sum  of  (I)  and  (II)  or  6,060  is  the  total  number  of  ampere-turns  required. 

(6)  Calculating  the  winding.  The  number  of  turns  required  mav  be  obtained 
by  dividing  the  total  number  of  ampere-turns  by  the  strength  of  the  current 
in  amperes,  which  latter  will  vary  with  the  source  of  power.  Having  obtained 
the  number  of  turns  necessary,  it  would  seem  that  the  desired  result  had  been 
attained,  but  there  is  a  certain  amount  of  heat  generated  by  the  current  in 
any  coil  of  wire,  which  is  retained  in  proportion  as  the  depth  of  the  coil  in- 
creases, and,  therefore,  puts  a  limit  upon  the  depth.  The  calculation  of  the 
heating  involves  the  use  of  wire  tables  such  as  are  given  on  page  178  of  Thomp- 
son's Lectures  on  the  Electromagnet. 

(7)  Re-calculation.  It  will  very  likely  be  "found  at  the  end  that  a  wrong 
length  has  been  assumed,  either  too  short  so  that  the  coils  are  wound  too  deep, 
or  too  long  so  that  the  coils  are  stretched  out  unnecessarily,  and  the  depth  of 
the  coils  is  much  less  than  what  it  might  be.  In  either  case  another  length 
should  be  assumed  and  the  calculation  repeated.  In  fact,  it  is  often  necessary 
to  repeat  a  half  dozen  times  or  more,  and  then  by  comparing  the  various  results, 
to  see  which  possesses  the  maximum  advantage  with  regard  to  the  weights 
of  material  used  and  the  amount  of  current  required. 

§  571.  Where  there  is  a  large  air  gap  its  reluctance  is  so  great,  as  compared 
to  that  of  the  iron  part  of  the  circuit,  that  for  rough  work  the  latter  may  be 
neglected,  provided  that  the  iron  is  kept  well  below  the  point  of  saturation. 
In  this  case  the  number  of  ampere-turns  required  to  get  a  field  of  B  lines  per 
square  centimeter  through  an  air  gap  of  a  length  of  I  centimeters  is  represented 

by  the  formula 


8i=^  B.l. 
4  «f 


This  formula  is  readily  derived  from  the  general  formula    8i=  —  JV  s  -4-* 

4  Jr  Apt 

which  has  been  previously  derived.  Table  353  has  been  computed  to  show  the 
number  of  ampere-turns  required  for  various  strengths  of  fields  and  lengths 
of  air  gaps. 

TABLE  353. — ^NUMBER  OF  AMPERE-TURNS  REQUIRED  FOR  VARIOUS  STRENGTHS  OF 
FIELD  AND  LENGTHS  OF  AIR-GAP. 


Leng^ths  of  Air  Gaps. 

Number  of  Mainietic 
Linei  per  Square  em. 

H  Inch 
1.97  cm. 

H  inch 
1.91cm. 

Itnch 
8.54  cm. 

lUlnch 
8.81cm. 

2  inches 
6.08  cm. 

Scinches 
6.85  cm. 

8 Inches 
7.08  cm. 

Number  of  Ampere-Tarns  Required. 

BOD. 

505 
1,011 
8,021 
8^088 
4,042 
S,068 
6,064 
7.074 
8,08S 
0,005 
10,106 

708 
1,510 
8,0W 
4,648 
6,064 
7,680 
9,096 
10,611 
12,127 
18,643 
16,160 

1,011 
2,081 
4,043 
6,064 
8,085 
10,106 
1^127 
14,149 
16.170 
18,191 
20,218 

1,516 
8,088 
6,064 
9.096 
12.128 
15,160 
18.192 
21.224 
24,256 
27,288 
80,880 

2,081 
4,048 
8,086 
12.128 
16,170 
20.218 
24,255 
28.298 
32..^0 

40^426 

2,627 
5,068 
10,106 
15,159 
90,818 
85,266 
80,819 
85,878 
40,425 
45.478 
60,588 

8,088 
6,064 
18,188 
18,191 
84,255 
80,819 
86,888 
42.446 
48,510 
54,674 
60,688 

1,000. 

8,000. 

S,O0O 

4,000. 

S.00O 

«.00O. 

7.000. 

R.00O. 

QLQOa 

wSJ:;:;;;!. ;.;..;...;... 
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In  designing  a  magnet  which  is  to  be  used  for  varions  purposes  and  requires 
a  variable  strength,  it  should  be  computed  for  the  maximum  strength  desired, 
and  then  weaker  fields  may  be  obtained  by  adjustments,  which  allow  the  air 
gap  to  be  lengthened  or  the  strength  of  the  electric  current  to  be  diminished. 
Where  a  very  strong  field  is  desired,  the  poles  may  be  beveled  off  so  that  their 
area  of  cross  section  is  less  than  that  of  the  core.  This,  however,  is  done  at  a 
loss  of  some  power,  as  halving  the  area  does  not  by  any  means  double  the  strength' 
of  the  field.    Consider  a  magnet  like  that  of  Fig.  456.    The  number  of  lines 

4irgi 

passing  through  the  magnetic  circuit  is  -Sr=~T — 7 — 

where  8i  is  the  ampere-turns,  V,  the  length  in  cm.  and  A>^  the  area  of  croBS  section 
in  sq.  cm.  respectively  of  the  air  gap,  l^ ,  and  A**^  Vtud  length  and  area  of  cross 
section  respectively  of  the  iron,  and  /<  the  coefficient  of  permeability  of  the  iron. 
If  ^/  is  decreased  one  half,  then    the   first  effect  would  be  to  cut  down 

U 
N  nearly  one  half,  since  the  expression  ^ — -     is  relatively  small  compared  to 

However,  as  soon  as  iV  is  cut  down,  the  number  of  lines  per 


A^      ' 

unit  of  area  in  the  iron  is  reduced  in  the  same  ratio,  since  the  area 
of  the  core  has  not  been  diminished.  This  diminution  of  the  lines  per  unit 
of  area,  or  B,  will  cause  ^  to  increase,  as  shown  in  Table  351,  and  the  larger 
value  of  /«  substituted  in  the  equation  will  tend  to  partly  offset  the  smaller  value 
of  A  and  the  net  result  of  reducing  A*  one-half  is  that  N  is  also  reduced,  but 
to  a  lesser  degree,  depending  on  the  varying  conditions  of  individual  magnets. 
Since  A  is  reduced  to  a  greater  degree  than  N,  it  follows  that  the  strength  of 
field  per  unit  area  is  increased,  although  this  effect  is  modified  somewhat  by  the 
increased  leakage. 

§  572.  Action  op  Substances  in  a  Magnetic  Field. — All  substances  are 
either  attracted  or  repelled  by  magnets.  The  former,  which  are  comparatively 
few  in  number,  are  called  paramagnetic  and  the  latter,  which  are  more  numerous, 
diamagnetic.  The  paramagnetic  substances  are  the  metals  iron,  nickel,  cobalt, 
manganese,  chromium,  cerium,  titanium,  palladium,  platinum,  osmium,  and  many 
of  their  salts  and  compounds.  The  degree  of  attraction  of  these  substances 
varies  widely.  The  metals  iron,  nickel  and  cobalt,  and  the  minerals  magnetite 
and  pyrrhotite  are  quite  strongly  attracted,  while  the  other  paramagnetic  sub- 
stances are  attracted  only  feebly,  and  there  is  a  wide  gap  between  them  and  the 
strongly  attracted  substances. 

To  illustrate  the  difference  between  strong  and  weak  magnetic  substances, 
Delesse  says  that  if  steel  be  taken  at  100,000,  then  the  attractabUity  of  magnetite 
is  65,000,  of  siderite  120,  of  hematite  93  to  43  and  of  limonite  72  to  43.  The 
last  three  substances  are  so  low  that  they  have  been  considered  non-magnetic,  since 
no  attraction  was  shown  except  in  the  very  strong  fields  of  recently  constructed 
magnetic  separators.  However,  by  using  a  magnetic  separator  designed  to  give 
a  very  strong  field  and  at  the  same  time  a  field  which  is  capable  of  fine  adjustment, 
it  is  possible  not  only  to  separate  these  as  well  as  many  other  weak  paramagnetics 
from  diamagnetics,  but  also  to  separate  one  from  another  even  though  the  differ- 
ence in  attractability  is  slight. 

§  573.  Classification  of  Magnetic  Separators. — Magnetic  separation  may 
be  divided  into  two  parts:  (1)  the  attraction  of  magnetic  particles  by  the  mag- 
net, (2)  the  removal  or  conveying  of  the  magnetic  material  away  from  the  non- 
magnetic, or  vice  versa,  after  the  former  has  been  attracted.    According  to  the 
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apparatus  used  for  the  second  part,  magnetic  separators  are,  for  the  puipose  of 
description,  divided  into  three  classes : 

(I)  Those  with  the  ore  on  revolving  cylindrical  rolls  or  drums,  within  which 
are  magnets. 

(II)  Those  with  the  ore  on  conveying  belts  or  pans  which  either  traverse  mag- 
nets or  are  traversed  by  magnets. 

(III)  Those  in  which  the  ore  falls  in  front  of  magnets. 

Other  points  of  difference  in  machines  are  in  the  use  of  permanent  magnets 
or  electromagnets ;  in  the  treating  of  ore  wet  or  dry ;  in  the  use  of  magnets  acting 
continuously  or  intermittently ;  in  the  subjecting  of  the  ore  to  alternate  polarity, 
which  causes  the  magnetic  particles  to  reverse  their  position  and  thereby  shake 
out  the  gangue,  or  to  continuous  polarity ;  and  in  the  use  of  a  direct  or  an  alter- 
nating current. 

Different  machines  are  suited  for  different  purposes.  Separation  of  weakly 
magnetic  substances  requires  a  high  power  magnet.  Separation  of  wet  material 
without  drying  requires  a  machine  adapted  to  use  water.    Separation  of  fine 


FIG.    459. — ^THE   BALL-NORTON    ELECTBOMAONETIC    SEPABATOR. 


stuff  down  to  dust  requires  a  machine  which  will  spread  the  material  out  in  a 
very  thin  layer,  since  otherwise  the  magnetic  particles  arc  buried  under  the  non- 
magnetic, and  are  not  taken  out  owing  to  the  pressure  of  the  non-magnetic  par- 
ticles surrounding  them. 

I.      MAGNETIC  SEPABAT0B8  USING  DBUMS. 

§  574.  The  Ball-Nobton  ob  Monabch  Magnetic  Sepabatob. — As  shown  in 
Fig.  459,  this  consists  of  two  revolving  drums.  Within  each  of  these  drums  is 
a  series  of  stationary  electromagnets  so  wound  that  opposite  poles  are  adjacent 
to  one  another.  Each  magnet  extends  the  whole  working  length  of  the  drum. 
The  ore  is  fed  upon  the  top  of  the  first  drum,  and  as  the  drum  revolves,  the 
magnetic  particles  adhere  to  it,  while  the  non-magnetic  particles  fall  into  a 
hopper  below.  The  magnetic  particles,  as  soon  as  they  pass  beyond  the  field  of 
the  magnets  of  the  first  drum,  are  thrown  off  by  centrifugal  force  against  the 
second  drum.  This  second  drum  either  revolves  at  a  faster  rate  than  the  fir^^t 
or  else  the  strength  of  the  current  is  less,  so  that  some  magnetic  particles  which 
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adhered  to  the  first  drum  fail  to  adhere  to  the  second  drum,  and  drop  down 
into  a  second  hopper,  thereby  forming  a  middling  product.  Particles  adhering 
to  the  second  drum  are  thrown  over  a  partition  as  soon  as  they  pass  beyond 
the  magnets.  The  alternate  polarity  of  adjacent  magnets  in  each  drum,  causes 
the  magnetic  particles  to  roll  over  and  over  while  they  pass  by  them.  This  action 
aids  in  the  elimination  of  the  gangue.  A  blast  of  air,  acting  in  an  opposite 
direction  to  the  travel  of  the  ore,  removes  dust.  The  capacity  of  a  machine 
with  drums  2-feet  diameter  and  2-feet  face,  varies  from  15  to  20  tons  of  crude 
ore  per  hour,  which  has  passed  through  a  16  or  20-mesh  sieve.  For  best  work 
the  feed  should  be  not  over  1  mm.  in  size  and  perfectly  dry.  A  plant  at  the 
Benson  mines,  St.  Lawrence  County,  New  York,  had  a  capacity  of  1,000  tons  of 
crude  ore  per  24  hours,  yielding  about  500  tons  of  concentrates.  A  few  results 
of  its  work  are  given  in  Table  354. 

TABLE  354. — ^PRODUCTS  OP  BALL-NORTON  8BPARAT0R. 


Crude  Ore. 

Concentrates. 

T^lnn. 

Mine. 

Iron. 
Percent. 

Phosphorus. 
Percent. 

Iron. 
Percent. 

Phosphorus. 
Percent. 

snica. 

Percent. 

Iron. 
Percent 

Feroent 
of  Raw  Ore. 

Benson  (a)T ............... 

38.96 
47.70 
■    58.70 
48.99 
11.80 

0.15 

64.09 

70.9 

71.1 

09.86 

68.865 

0.088 

0.0080 

0.087 

0.081 

0.006 

8.90 

50.0 

Port  Henry  (now  bed). . . . 

Port  Henryjold  bed) 

Croton.  N.  Y.  (b\ 

1.48 

88.0 

8.85 
0.168 

80.0 

1.71 
4.81 

7.96 
4.S8 

47  0 

Chateougay  TaiiiDgs 

89.0 

(a)  This  ore  contained  1.00)C  sulphur  and  its  concentrates  had  (iXl%  sulphur.  (6)  This  ore  contained  QMfL 
sulphur  and  its  concentrates  had  0.04jC  sulphur. 

The  power  required  is  1  to  1^  horse  power  for  the  magnets  of  each  drum  and  | 
to  f  horse  power  for  revolving  the  drums. 

This  machine  is  used  in  Mill  89,  where  the  drums  are  of  compressed  paper 
J  inch  thick,  30  inches  diameter,  36  inches  face  and  placed  1  inch  apart.  The 
first  drum  makes  40  revolutions  per  minute  and  uses  a  current  of  10^  amperes; 
the  second  drum  makes  50  revolutions  per  minute  and  uses  a  current  of  13 
amperes.  It  is  fed  with  stuff  which  has  passed  through  a  2.12-mm.  (^inch) 
round  hole  and  makes  heads  to  smelter,  middlings  to  be  re-crushed,  and  tailings 
to  waste.  It  treats  125  tons  of  raw  ore  (magnetite)  in  10  hours,  which  carries 
30%  iron,  and  makes  45  tons  of  concentrates  running  65.5%  iron  and  80  tons 
of  tailings,  running  2^  to  3%  iron. 

§  575.  The  Sautter  Magnetic  Separator,  used  at  the  Pierrefitte  and  Fried- 
richssegen  mines  for  the  separation  of  blende  from  magnetite,  is  much  like  the 
Ball-Norton  in  principle.  It  has  but  one  drum,  made  of  copper,  and  the  electro- 
magnets extend  over  only  one  of  the  lower  90°  quadrants  lying  between  a  vertical 
and  horizontal  radius.  The  ore  is  fed  against  the  drum  at  the  upper  limit  of 
the  magnets,  and  the  non-magnetic  particles  immediately  fall  down  between  the 
drum  and  an  inclined  plane  into  their  compartment.  The  magnetic  particles 
are  attracted  and  are  carried  down  by  the  drum  until  they  pass  the  last  magnet 
at  the  vertical  radius,  when  they  fall  into  a  separate  compartment.  At  Pierre- 
fitte, the  most  convenient  velocity  was  found  to  be  64  revolutions  per  minute, 
and  its  capacity  was  4  to  5  tons  of  ore  per  hour.  It  used  16  amperes  with 
110  volts,  which  is  equivalent  to  2.3  horse  power. 

§  576.  In  the  Siemens  and  Halske  Magnetic  Separator,  used  at  Maiem, 
Austria,  the  action  is  the  same  as  in  the  Sautter.  The  drum  is  of  brass,  60  cm. 
long,  60  cm.  diameter  and  2  mm.  thick.  There  are  longitudinal  projections 
on  it,  consisting  of  half  round  brass  rods,  6  mm.  high  and  9  cm.  apart.  The 
magnets  are  of  alternate  polarity  in  order  to  cause  the  magnetic  particles  to  roll 
over  and  over.  There  are  three  magnet  cores,  each  25  mm.  thick,  600  mm. 
wide  and  110  mm.  long.     The  cores  are  wound  with  double  copper  wire  4  mm. 
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PIO.  460. — SECTION    OP    THE    HEBERLI 
DRY  MAQNETIO  SEPARATOR. 


in  diameter,  and  each  core  has  five  layers  of  21  turns,  making  the  total  length 

of  wire  for  the  three  cores  as  381  meters.     The  capacity  on  stuff  ranging  from 

1  to  3  mm.  in  diameter,  is  1^  tons  per  hour  and  for  stuff  below  0.5  mm.,  1  ton 

per  hour.     The  capacity  depends  on  the  velocity  of  the  drum.     The  speed  is 

limited,  however,  owing  to  the  fact  that  beyond  a  certain  point  the  centrifugal 

force  becomes  sufficient  to  throw  off  the  magnetic  particles.     This  limit  for  a 

6()-cm.  drum  is  45  revolutions  per  minute,  corresponding  to  a  surface  velocity 

of  1.4  meters  per  second. 

§  577.  The  Heberli  Magnetic  Separator  is  shown  in  Fig.  460.    This 

differs  from  the  Sautter  in  that  the 

drum  revolves  in  the  opposite  direction, 

and   consequently  the    electromagnets 

are  set  higher  up.    As  used  at  Fried- 

richssegen     for     separating     roasted 

blende  and  siderite,  a  1  horse  power 

dynamo  will  run  four  separators  each 

treating  stuff  below  4  mm.  at  the  rate 

of   600    IdloB   per   hour.     It   takes  ^ 

horse  power  to  revolve  the  drum  45 

times  per  minute.    The  current  used 
is  17  amperes. 

§578.  The  Ferraris  Magnetic 
Separator  has  been  successfully  ap- 
plied to  the  separation  of  roasted 
blende  and  iron  ore  at  Monteponi,  Sardinia.  It  consists  of  a  hub,  with 
twenty-four  cast  iron  magnet  cores  placed  radially,  on  each  of  which  is  a 
coil  of  copper  wire.  Outside  of  them  is  a  corrugated  cylinder  of  non- 
magnetic material,  and  at  the  two  ends  are  two  disc  flanges  of  zinc.  The  magnets 
are  all  wound  in  a  series  and  from  each  wire,  which  connects  two  successive 
magnets,  there  is  a  branch  wire  leading  to  one  or  the  other  of  two  annular  seg- 
ment ring  commutators  placed  one  on  each  of  the  zinc  discs.  There  are,  there- 
fore, twelve  segments  in  each  commutator.  Alternate  wires  lead  to  different 
commutators.  The  brushes,  one  for  each  commutator,  are  set  diametrically 
opposite  to  each  other  and  thus  the  current  enters  by  one  commutator,  splits  in 
halves,  and  each  half  passes  around  through  the  magnets  for  180°  and  out  through 
the  other  commutator.  The  magnets,  cylinder  and  commutators  all  revolve 
together.  Each  brush  is  wide  enough  to  touch  two  adjacent  sections  of  its 
commutator,  and  thus  two  diametrically  opposite  magnets  are  continually  out  of 
the  circuit  and  form  a  neutral  plane,  which  is  usually  set  at  an  aUgle  of  45** 
with  the  horizontal.  Ore  is  fed  on  the  top  of  the  cylinder,  and  is  held  on  the 
cylinder  by  gravity  in  passing  the  upper  edge  of  the  neutral  plane.  As  the  revo- 
lution continues,  the  non-magnetic  particles  fall  off,  and  when  it  reaches  the 
lower  edge  of  the  neutral  plane,  the  magnetic  particles  also.  By  a  suitable 
arrangement  of  partitions,  three  products  may  be  made:  heads,  middlings  and" 
tailings.  A  current  of  6  amperes  with  30  volts  is  required,  and  the  magnets 
revolve  12  to  20  times  per  minute.  The  original  ore  contains  26%  zinc  and 
10%  iron.  It  is  first  heated  in  a  furnace  sufficiently  to  render  the  iron  mag- 
netic. It  is  then  cooled,  screened  into  five  sizes,  and  each  size  treated  by  itself 
on  the  magnetic  separator.  The  concentration  is  three  tons  into  one,  and  the 
zinc  concentrates  contain  45%  zinc.  This  machine  is  somewhat  complicated 
and  has  therefore  been  recentjv  replaced  by  a  cross-belt  machine  (see  §  590). 

§579.  Payne  Magnetic  Separator.— This  is  a  machine  with  a  revolving 
drum  EI  and  a  fixed  electromagnet,  of  which  R  is  the  coil  and  PP  the  pole  pieces 
(f«e  Pigs.  461a  and  4616).    The  Fpecial  features  of  this  machine  are  that  the 
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field  is  of  uniform  strength  across  the  width  of  the  pole  pieces,  and  the  lines  of 
force  are  approximately  normal  to  the  surface  of  the  drum.  The  uniformity 
of  strength  is  obtained  by  sub-dividing  the  pole  pieces  by  means  of  little  iron 
plates  a.  These  plates  are  adjustable  on  the  bolts  h,  and  by  spacing  them  farther 
apart  near  the  inner  edges  of  the  pole  pieces,  the  added  reluctance  of  the  air 
gaps  thereby  produced  prevents  a  greater  density  of  magnetic  lines  on  the  inuor 
edges  of  the  pole  pieces,  and  at  the  same  time  causes  the  lines  of  force  to  pass 
out  through  the  drum  E  approximately  normal.  The  ore  is  fed  as  shown,  upon 
the  top  of  the  drum,  and  the  non-magnetic  particles  fall  oflE  as  the  drum  revolves, 
while  the  magnetic  particles  adhere  as  long  as  the  pole  pieces  remain  concentric 
to  the  drum,  and  then,  as  the  pole  pieces  curve  inward  from  the  drum,  the 
strength  of  the  field  diminishes,  and  the  magnetic  particles  are  thrown  off 
tangentially  by  centrifugal  force.  The  ore  being  fed  only  along  those  portions 
of  the  drum  surface  which  are  opposite  the  pole  pieces  of  the  electromagnet 
where  the  lines  of  force  are  approximately  normal,  the  formation  of  clots  or 
bunches  of  ore,  which  increase  the  difficulty  of  securing  a  clean  action,  is  in 
this  way  avoided,  and  the  magnetic  particles  attach  themselves  in  positions  which 
favor  the  free  discharge  of  the  non-magnetic  particles. 


FIG.  461a. — CROSS  SEC- 
TION OP  THE  PAYNE 
MAGNET  AND  DRUM. 


FIG.   4616. — LONGITUDINAL  SECTION. 


A  separator  of  this  form  with  two  drums,  one  above  the  other,  is  used  at  Mill 
93  for  separating  roasted  limonite  ore  from  zinc  ore.  The  upper  drum  removes 
the  tailings  and  the  lower  drum  separates  the  residue  into  heads  and  middlings. 
The  material  treated  ranges  from  6  mm.  to  0,  and  the  capacity  of  the  machine 
is  6  tons  per  hour.  The  two  drum  machine  is  run  at  a  higher  speed  and  makes 
a  somewhat  more  efficient  separation  than  the  single  drum  machine  which  was 
formerly  used. 

Another  form  of  this  machine  has  a  second  electromagnet  outside  the  drain, 
the  pole  pieces  of  which  are  concentric  with  the  drum.  Instead  of  the  second 
magnet,  simply  an  armature  A  may  be  used,  as  sJhown  in  Figs.  462a  and  4626. 
This  makes  an  almost  continuous  circuit  of  iron  except  for  two  short  air  gaps,  and 
consequently  gives  a  much  stronger  field  suitable  for  the  weakly  magnetic  mineral^. 

§  580.  The  Wenstrom  Magnetic  Separator. — In  this  machine,  (see  Piga. 
463a  and  4636)  the  revolving  drum  E  is  made  up  of  alternate  magnetic  and 
non-magnetic  bars,  parallel  to  the  axis.  Within  the  drum  and  placed  eccentri- 
cally to  it  is  a  fixed  electromagnet  A.  This  magnet  is  a  cylinder  a  little  mor^ 
than  one-half  the  diameter  of  the  drum,  with  four  circumferential  grooves  in 
it,  in  which  the  coils  are  so  wound  that  the  ridges  of  iron  between  them  are  of 
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alternate  polarity,  north  and  south.  The  magnetic  bars  in  the  drum  E  are  cut 
away  so  that  one  bar  has  projections  extending  toward  all  the  north  pole  ridges 
of  the  magnet,  while  the  next  bar  has  projections  toward  all  the  south  pole 
ridges.  The  bars  are,  therefore,  practically  prolongations  of  the  pole  piecei?. 
The  ore  is  fed  upon  the  top  of  the  drum,  and  the  nourraagnetic  particles  fall 
off  just  as  soon  as  the  drum  has  revolved  sufficiently  for  them  to  do  so,  while 


PIG.  462a. — SECTION  of  the  PAYNE  SEPARATOR  TO  GIVE 
A  STRONG  FIELD. 

the  magnetic  particles  are  carried  around  underneath,  until,  owing  to  the  eccen- 
tricity of  the  drum  and  the  magnet,  the  attracting  force  becomes  so  weak  that 
they  also  fall  off  into  a  separate  compartment. 

This  is  the  leading  machine  in  Sweden,  and  it  has  found  quite  an  extensive 
use  in  this  country.    It  is  especially  adapted  to  treating  coarse  stuff  which  is  not 


PIG.  4626. — SECTION  OF  CORE,  ARMATURE  AND  YOKES. 


necessarily  dry.  Two  sizes  of  it  are  made,  one  with  a  drum  27  inches  in  diameter 
and  24  inches  face,  which  will  treat  5  tons  per  hour  of  stuff  with  4  inches  maxi- 
mum size,  using  15  amperes  with  110  volts,  and  one  with  a  drum  20  inches 
diameter  and  15  inches  face,  which  will  treat  3  tons  per  hour  of  stuff  with  about 
1|  inches  maximum  size.  A  machine  of  the  larger  size  used  at  the  Dannemora 
mines,   Sweden,  yields  coarse  concentrates  running  59%   iron  and  fine  con- 
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centrates,  running  45%  iron.  The  cost  of  the  magnetic  treatment  is  9.8  cents 
per  ton,  whereas  hand  picking  of  the  same  material  cost  32.6  cents  per  ton, 
and  30%  more  concentrates  are  saved  in  the  former  case.  For  a  machine  to 
treat  5  tons  of  line  ore  per  hour,  1^  horse  power  is  required  to  furnish  the 
current,  and  \  horse  power  to  revolve  the  drum.  For  a  small  machine,  15  pounds 
of  copper  wire  are  requia'd  for  each  groove  and  a  current  of  10  amperes  with 
35  volts  is  used.     The  drum  makes  30  revolutions  per  minute. 

In  using  one  of  these  smaller  size  machines  at  the  Michigamme  Iron  Mines 
at  Lake  Superior,  better  results  were  obtained  where  the  ore  was  sized  previous 
to  magnetic  treatment.  On  stuff  below  \  inch  in  diameter,  it  was  found  better 
not  to  feed  on  top  of  the  drum,  but  rather  to  carry  the  ore  to  the  separator  by 
a  belt  on  an  inclined  plane  near  enough  so  that  the  magnetic  particles  were 
attracted.  The  reason  for  this  is  that  with  fine  material  it  is  impossible  to  put 
the  stuff  on  the  drum  in  a  sufficiently  thin  sheet  to  allow  of  a  good  separation, 
as  the  mineral  and  the  rock  overlying  one  another  are  bound  together.     The 


FIG.    463a. — LONGITUDINAL    SECTION      FIG.    4636. — CROSS   SECTION. 
OF      WENSTROM      MAGNETIC      SEP- 
ARATOR. 

greater  the  strength  of  current,  and  the  greater  the  space  between  the  ore  and 
the  drum,  the  richer  will  be  the  concentrates,  and  the  cleaner  will  be  the  tailings 
Ore  containing  52%  iron  and  0.224%  phosphorus,  when  fed  upon  the  drnn'. 
gave  concentrates  which  contained  58  to  60%  iron  and  0.215  to  0.180%  phos- 
phorus, but  when  fed  from  a  belt  the  concentrates  contained  67.07%  iron  and 
0.060%  phosphorus.     A  few  analyses  of  the  products  are  given  in  Table  355. 


TABLE  355.- 

-PRODUCTS  OF  WENSTROM  SEPARATOR. 

Crude  Ore. 

Concentrates. 

Tunings. 

MlM. 

Iron. 
Percent. 

Phosphorus. 
Percent 

Iron. 
Percent. 

Phosphorus. 
Percent. 

Iron. 

Phosphorus. 
Peroent. 

flAafifa  Olen  Vew  JeraofV. 

63.78 
40.09 

[  41.6 

B0.1 

0.008 

61.58 
60.80 

64.0 

61.8 

0.006 

8.85 
1.68 

16.10 

14.8 

ChatAauKay  Ore  &  Iron  Co..  N.  Y 

Port  Henry,  N.  Y.,  WithertMe,  Sher- 

man  A  Co.,  New  Bed 

Ditto.  Old  Bed 

1.949 

0.847 

4.8B 
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§  581.  The  Buchanan  Magnetic  Separator. — This  consists  of  two  rolls  A  A 
nf  iron  which  revolve  on  journals,  carried  on  the  ends  of  two  horseshoe  electro- 
magnets B  (see  Fig.  464).  These  are  wound  so  that  one  roll  is  supported  on  two 
north  poles,  and  the  other  roll  on  two  south  poles.  The  rolls  are  hollow  and 
the  space  between  them  is  adjustable.     Ore  is  fed  on  top  of  each  roll,  and  as  the 

rolls    revolve     toward    one  

another,  the  non-magnetic 
particles  fall  down  through 
into  the  chute  D,  while  the 
magnetic  particles  adhere  to 
the  rolls  until  they  have 
passed  out  of  the  magnetic 
field,  when  they  too  fall  otf 
into  the  chutes  CC,  A  brush 
or  a  scraper  helps  in  this. 
A  suitable  arrangement  of 
partitions  allows  a  mid- 
dlings product  to  be  made  if 
desired.  The  circumferen- 
tial velocity  of  the  rolls  is 
150  feet  per  minute,  and 
material  up  to  3  inches  in 
diameter  may  be  treated. 

A  test  on  773  pounds  of 
Reach  Glen  ore,  containing 
15.71%  iron,  yielded  535 
pounds  of  concentrates  con- 

liiiing  62.04%  iron,  and  the  balance,  tailings,  carrying  7.94%  iron.  The  time  of 
treatment  was  3}  minutes,  which  is  at  the  rate  of  6-J-  tons  per  hour.  Comparison 
wiih  jigs  at  the  Croton  Iron  Mines  gave  the  results  shown  in  Table  356. 


Fia.   464. 


•CROSS    section    of    the    BUCHANAN 
MAGNETIC   SEPARATOR. 


TABLE 

356. — CONCENTRATES  OF  CROTON  IRON  ORB. 

Buchanan  Separator. 

or. 

Raw  Ore. 

Concentrates. 

Talllngrs. 

Raw  Ore. 

Concentrates. 

Tailings. 

lron,jt 

37.968 
98.30 
0.388 
0.503 

64.564 
6.3S0 
0.060 
1.863 

13.907 
60.90 
0.498 
0.934 

81.88 
85.60 
0.971 
0.784 

68.66 
6.825 
0.068 
1.880 

4  66 

Silica,  % 

68  05 

HiioonhonM,  % 

0  587 

Sulpdiir,l{.'.7 

0  915 

Coarse  Jigs. 

Fine  Jigs. 

Iroo,^ 

86.48 

56.78 
0.129 
0.88 

89.16 

86.48 

66.66 
0.047 
0.97 

14.81 

H'Mjmhonis,  1 

SulphurTtf 

A  modified  form  used  at  the  Hibernia  concentrating  plant  had  nonmagnetic 
•wits  covering  the  rolls  instead  of  feeding  the  ore  directly  on  the  iron.  The 
capacity  of  a  separator  at  this  plant  was  from  100  tons  to  150  tons  of  raw  ore  per 

At  Mill  90,  a  modified  form  treats  ore  which  has  passed  through  a  trommel, 
var}ing  from  \  inch  (6.35  mm.)  to  20-mesh,  and  makes  three  products  of  which 
the  middlings  are  re-crushed.  The  ore  contains  25%  iron  and  1%  phosphorus. 
The  concentrates  have  61%  iron  and  0.1  to  0.3%  phosphorus.  The  tailings  run 
from  11  to  17%  iron. 

§  582.  Siemens  Magnetic  Separator. — This  is  a  hollow,  revolving  drum, 
made  up  of  annular  wrought  iron  discs,  separated  by  brass  annular  discs  of 
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slightly  less  outside  diameter  than  the  iron  discs.  The  discs  are  held  together 
by  a  set  of  longitudinal  iron  strips  which  cover  the  whole  cylindrical  surface  of 
the  drum,  and  are  in  contact  with  all  the  jron  discs.  Upon  the  periphery  of 
the  brass  discs  and  beneath  the  iron  binding  strips,  insulated  copper  wire  i.- 
wound,  the  number  of  turns  increasing  from  the  head  end  toward  the  tail  end. 
A  pair  of  iron  discs  with  the  binders  and  the  coil  form  a  horseshoe  magnet  with 
its  poles  pointing  inwards.  By  mounting  this  drum  on  an  incline  and  passing 
ore  through  it,  as  in  a  trommel,  the  magnetic  particles  are  attracted  and  carried 
to  the  top,  where  they  are  scraped  oflE  and  removed  by  a  conveyor,  while  the  non- 
magnetic particles  pass  straight  through.  The  drum  is  1  meter  long  and  0.7  meter 
in  diameter,  and  its  axis  is  inclined  lO"*  to  the  horizontal.  It  revolves  15  times 
per  minute.  Its  capacity  is  about  1  ton  per  hour.  In  treating  stuflE  containing 
G0%  magnetic  oxide  and  22%  zinc  oxide,  it  made  concentrates  containing  8  to 
12%  magnetic  oxide  and  50%  zinc  oxide,  and  tailings  with  only  4  to  8%  of 
zinc  oxide. 

§  583.  The  Dellvik-Grondal  Separator  is  shown  in  Fig.  465,  in  section. 

A  revolving  cylinder  AB  consists  of  rings  of 
cast  iron  with  the  spaces  between  containing 
the  wires  for  the  electric  current  which  mag- 
netizes the  rings  so  that  the  strength  of  each 
is  a  little  greater  than  that  of  the  one  above. 
The  cylinder  CC  is  of  wood  studded  with  soft 
wrought  iron  pegs,  a  ring  of  pegs  being 
opposite  each  ring  of  AB,  This  cylinder  re- 
volves three  times  as  fast  and  in  an  opposite 
direction  from  AB. 

The  action  of  the  machine  is  as  follows: 
Pulp  fed  from  the  launder  iV^,  falls  down  in 
front  of  the  magnetic  rings,  its  distribution 
being  aided  by  the  launders  QQQQ,  and  the 
clear  water  pipe  L,  The  non-magnetic  par- 
ticles which  escape  the  lowest  ring  pass  otT 
in  the  launder  P.  The  magnetic  particles 
stick  to  the  cylinder  and  are  carried  around 
until  they  are  adjacent  to  the  wooden 
cylinder  CC,  when  the  induced  magnetism  on  the  pegs  causes  the  magnetic 
particles  to  hop  over  to  the  pegs,  whence  they  either  fall  off  or  are  washed 
off  as  soon  as  the  revolution  of  the  cylinder  carries  them  out  of  the  magnetic 
field.  The  machine  is  especially  adapted  to  the  treatment  of  fine  stuff  below 
12  mesh. 

As  used  at  Pitkaranta,  Finland,  a  machine  treats  about  46  tons  per  day  of 
low  grade  magnetic  iron  ore  mixed  with  sulphides  of  copper  and  zinc,  and 
finely  disseminated.  The  feed  is  below  1  mm.  and  seldom  contains  over  25% 
iron,  and  often  below  20%.  The  concentrates  contain  66  to  71%  iron,  and 
the  tailings  run  1  to  1^%  magnetite.  One-half  of  a  horse  power  is  requiit'd 
to  revolve  the  cylinders,  and  the  magnets  use  8  amperes  with  35  volts. 


FIG.  465. — SECTION  OF  THE  DELL- 
VIK-ORONDAL  MAGNETIC  SEP- 
ARATOR. 


II.      MAGNETIC    SEPARATORS    WITH    CONVEYING    BELTS. 

§  584.  Wethertll's  Magnetic  Separators. — The  leading  idea  of  these  ma- 
chines is  to  secure  a  very  strong  magnetic  field  by  concentrating  the  lines  of 
force  as  far  as  possible.  This  is  done  by  placing  the  two  poles  of  the  magnet 
facing  one  another  with  a  minimum  air  gap  between  them,  and  by  bevelinir 
down  the  pole  pieces  at  their  ends.     These  machines  were  the  first  ones  whicli. 
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to  the  best  of  the  author's  knowledge,  commercially  treated  weakly  magnetic  ma- 
terials. Other  machines  had  previously  treated  only  natural  magnetite,  or  iron 
oro  that  has  been  changed  to  magnetic  oxide  by  roasting.  There  are  three  forms 
of  Wetherill  separators  used  in  Mill  92. 

§585.  The    Wetherill    Parallel    Separator.— (See    Figs.  466a    and    4666.) 
This  form  is  used  for  the  No.  1  separators  in  Mill  92.    It  consists  of  a  flat 
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FIG.  466a. — ^ELEVATION  OF  THE  WETHEBILL  PARALLEL  SEPARATOB. 


FIG.    4666. — ^PLAN    ON    AB. 

Robins  patent  rubber  conveyor  belt  C,  12  inches  wide  and  15  feet  4  inches 
long  between  the  centers  of  the  pulleys.  This  belt  runs  horizontally  at  a  speed 
of  100  feet  per  minute,  and  the  ore  is  fed  upon  it  in  an  even  layer  about  J  inch 
thick.  At  a  distance  of  f  inch  above  the  top  side  of  the  belt  is  the  underside 
of  a  second  belt  D,  parallel  to  the  former  and  running  in  the  same  direction. 
This  second  belt  is  16  inches  wide,  making  it  extend  about  2  inches  further 
to  each  side  than  the  first.  It  runs  at  a  speed  of  125  feet  per  minute.  Between 
the  unper  and  under  parts  of  the  second  belt  are  two  electromagnets  E  of 
horsesnoe  pattern,  with  the  poles  F  facing  one  another.  The  cores  0  are  of 
soft  iron  and  are  8i  inches  long,  lOJ  inches  wide,  and  2^  inches  thick.  They 
are  wound  with  960  turns  of  wire,  carrying  6  to  8  amperes  with  62  volts.  The 
pole  pieces  F  are  of  soft  iron,  7f  inches  long,  lOf  inches  wide  and  2^  inches 
thick,  and  are  placed  f  inch  apart.  The  longest  dimension  of  the  poles  is 
placed  at  an  angle  of  40°  with  the  direction  of  the  belts,  so  that  particles 
lifted  by  the  magnets  follow  the  oblique  line  of  the  poles  to  the  edge  of  the 
upper  belt,  and  then  drop  into  a  chute  beyond  the  margin  of  the  lower  belt. 
This  machine  treats  stuff  that  has  passed  through  a  trommel  with  holes  0.058 
inch  (1.5  mm.),  and  the  heads  which  are  attracted  against  the  second  belt  are 
clean  franklinite  and  go  to  concentrates  bins,  while  the  tailings  are  sized  for 
further  treatment.  The  capacity  of  a  single  machine  is  about  30  tons  in  24 
hours. 

§  586.  The  Wetherill  Horizontal  Separator, — These  are  used  for  the 
No.  2,  3,  4,  5  and  6  magnetic  separators  of  Mill  92,  treating  five  sizes  of  stuff 
ranging  from  0.068  inch  (1.5  mm.)  down  to  0.01  inch  (0.26  mm.).  A  machine 
is  built  double,  as  shown  in  Pigs.  467a  and  4676.  The  ore  is  fed  from  hoppers 
E  by  feeders  P  over  the  chutes  0  upon  the  canvas  belts  D,  which  run  around 
the  polished  ends  of  the  pointed  pole  pieces  C  As  the  ore  rounds  these,  the 
tailings  or  non-magnetic  portion,  falls  immediately  into  the  receptacle  L,  while 
the  heads  or  magnetic  part  adheres  to  the  belt  a  little  longer,  and  finally  falls 
into  M.  Adjustable  shutters  //  divide  between  the  heads  and  tailings.  The 
arrangement  of  the  coils  A  and  the  yokes  B,  are  shown  in  the  plan.  The 
adjustments  are  in  the  position  of  the  shutters  //,  the  speed  of  the  canvas 
^xlt?  D,  the  distance  between  the  pole  pieces,  and  tlie  strength  of  the  current 
in  the  coils.  The  cores  are  of  soft  iron  8.6  inches  long,  10}  inches  wide  and 
^  inches  thick.    They  are  wound  with  950  turns  of  wire.     The  pole  pieces 
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are  15^  inches  long,  lOJ  inches  wide  and  2^  inches  thick.  This  increased 
length  of  the  pole  pieces  over  the  width  of  the  cores  makes  a  total  lateral  ex- 
tension toward  the  other  side  of  4^  inches  and  making  an  air  gap  of  0.92  inch, 
which  may  be  increased  or  diminished.  This  gives  a  field  of  intense  magnetic 
action  10|  inches  long  and  0.92  inch  wide,  and  it  is  in  this  space  that  the 


FIG.   467'a. — SIDE  ELICVATION  OF  THE   WETHERILL  HORI- 
ZONTAL SEPARATOR. 


milh.^-nli'ilJM 


FIG.  4676. — SECTION  THROUGH  BB, 

whole  work  of  the  machine  is  done.  The  ends  of  the  poles  are  beveled  almost 
to  edges,  thereby  forming  a  wedge  with  an  angle  of  27*",  the  tips  of  which  are 
ronndod  with  a  radius  of  J  inch.  Tliis  is  done  for  two  purposes.  First,  tlie 
hevoling  concentrates  the  lines  of  force  somewhat,  and  thereby  makes  a  stronger 
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field.  Second,  it  allows  the  ore  to  be  delivered  directly  into  the  strongest  part 
of  the  field.  When  a  broad  pole  piece  which  was  not  of  pointed  form,  was 
tried^  it  was  found  that  the  particles  of  weakly  magnetic  material  started  to 
drop  at  the  upper  edge,  where  the  magnetic  lines  were  further  apart,  and 
acquired  so  great  a  velocity  by  the  time  they  reached  the  strongest  part  of  the 
field  that  they  dropped  through  the  field  without  being  caught.  The  layer 
of  ore  fed  on  the  canvas  belt  varies  from  \  io  ^  inch  thick.  Three  separators 
are  placed  in  series,  the  tailings  of  the  first  going  to  the  second,  and  those 
of  the  second  to  the  third,  and  they  make  clean  heads  of  franklinite  and  final 
tailings  rich  in  willemite, 
which  are  further  treated 
by  jigs.  The  capacity  of 
the  machine  ranges  from 
1|  to  3  tons  per  hour,  and 
varies  with  the  speed  of 
the  belts,  and  the  material 
treated.  The  current  used 
is  6  to  8  amperes  with  52 
volts  for  each  of  the  first 
two  magnets,  and  22  am- 
peres with  62  volts  for  the 
third.  In  some  cases  a 
single  machine  is  used,  cor- 
responding to  one-half  the 
machine  shown  in  Fig. 
4676. 

§  587.  WetherilVs  In- 
clined Magnetic  Separa- 
tor*— ^A  double  machine 
used  in  Mill  92  for  the  No. 
7  magnetic  separators  treat- 
ing stuff  below  0.01  inch 
(0.25  mm.),  is  shown  in 
Figs.  468a,  4686,  and  468c. 
The  feeders  0  feed  the  ore 
from  hoppers  F  to  the  hori- 
zontal canvas  conveying 
belt  £r  in  a  layer  4  to  -j^ 
inch  deep.  This  belt,  pass- 
ing over  a  wooden  roller  J, 
the  height  of  which  is  ad- 
justable, delivers  the  ore  as 
nearly  as  possible  to  the 
field  of  greatest  strength. 
The  non-magnetic  parti- 
rle«  pass  over  the  pulW 
J    into    the   receptacle   M, 


FIQ. 


468a. — SIDE  ELEVATION  OF  THE  WETHERILL 
INCLINED  MAGNETIC  SEPARATOR. 


PIG.  4686. — PLAN. 


while*  the  magnetic  particles  are  attracted  by  the  magnets  against  either 
of  the  canvas  belts  D,  wihich  pass  around  the  ends  of  the  pole  pieces  and 
the  pulleys  E,  in  the  directions  indicated  by  the  arrows.  The  magnetic  par- 
ticles thus  pass  through  between  the  poles,  and  those  on  the  left  hand  bi^lt 

*  Thfoi  Mid  the  two  precpdfngr  machines  hist  descril)ed  as  hefnfc  used  in  Mill  92  have  ivcently  all  been 
replncvd  hr  a  cross-belt  machine,  called  the  Rownnd  msficnetic  separator,  which  is  much  like  the  Conklin^ 
(•^  y\k.  400)  In  pHnclnle,  except  that  there  are  mairnets  both  above  and  below  the  distributing  belt  and  the 
poles  are  roundeid,  both  of  which  changes  give  a  stronger  field. 
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are  conveyed  away  directly  by  it  in  a  horizontal  direction  to  the  receptacle  L, 
while  those  on  the  right  hand  belt  cling  to  it  and  go  up  the  slope  of  54°  into 
the  weaker  part  of  the  field,  when  they  tumble  back  arid  their  momentum 
carries  them  to  join  the  other  particles  on  the  left  hand  belt.  The  plane  of 
each  of  the  magnets  is  inclined  27°  from  the  horizontal,  and  the  plane  of  the 
upper  magnet  is  1.2  inches  above  that  of  the  lower.  The  magnets  are  practi- 
cally two  bar  electromagnets,  placed  side  by  side,  so  wound  as  to  bring  opposite 
poles  together.  This  makes  a  magnetic  circuit  with  two  air  gaps  in  it,  and 
each  air  gap  is  used  for  treatment.  The  cores  are  of  soft  iron  8.6  inches  long, 
lO'i  inches  widte  and  2^  inches  thick,,  and  are  wound  with  950  turns  of  wire  A, 
carrying  a  current  of  6  to  8  amperes  with  52  volts.  The  pole  pieces  B,  are 
15i  inches  long,  10|  inches  wide  and  2^  inches  thick,  the  excess  of  width 
over  that  of  the  core  being  all  on  the  inside,  which  cuts  the  length  of  the  air 
gap  down  to  about  0.92  inch.  The  pole  pieces  are  made  adjustable  so  that 
the  length  of  the  air  gap  may  be  varied.  Other  adjustments  are:  in  the  dis- 
tance of  the  feeding  belt  beneath  the  poles  and  the  strength  of  the  current  in 
amperes.    These  machines  differ  from  the  preceding  in  that  the  magnetic  par- 


FIO.  468c. — ^ENLARGED  ELEVATION  OF  POLE  PIECES  AND 
BELTS. 

tides  are  lifted  from  their  associates,  which  is  more  advantageous  for  the 
finer  sizes,  since  the  two  discharging  belts  D  are  never  smeared  with  gangue 
dust,  which  would  be  carried  into  the  concentrates,  while  the  feeding  belt  H 
is  so  smeared.  They  are  mounted  three  in  series,  the  tailings  of  the  first  and 
second  being  re-treated  on  the  second  and  third  respectively.  They  make  clean 
franklinite  heads  and  final  tailings  of  willemite  and  zincite,  which  are  also 
clean  zinc  ore.  Their  capacity  is  3 J  tons  per  hour.  Where  a  stronger  field 
is  required,  a  single  machine  is  used.  This  is  made  by  putting  in  a  yoke  in- 
stead of  two  of  the  pole  pieces,  which  makes  but  one  air  gap  in  the  circuit 
instead  of  two.  This  form,  when  used  for  hematite  ore,  requires  8  amperes 
with  22  volts  to  treat  H  tons  per  hour.  To  make  a  clean  separation,  the  ore 
has  to  be  passed  through  three  times,  or  over  three  successive  machines. 

§  588.  Besults  of  Tests  of  Wefherill  Magnetic  Separators. — In  addition  to 
the  work  already  mentioned  in  Mill  02,  tests  have  been  made  on  various  other 
ores.  Clinton  fossil  hematite  oros  from  the  Birmingham  district,  Alabama, 
when  dried  and  divided  into  three  sizes  (through  8  on  15,  through  15  on  40, 
and  through  40  mesh),  gave  results  shown  in  Table  367. 
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TABLE    357. CLINTON    FOSSIL   ORB, 


OrlKinal  ore . 

Heads 

Middlings.... 
Tailings 


Percentage 
by  Weight. 


283f 


Iron. 


48.069e 
67.103< 
46.20* 
10.00* 


SlUcious 
Mattes. 


26.80* 
13.10* 
26.40* 
70.80* 


These  results  compare  very  favorably  with  those  obtained  by  roasting  the 
Fame  ore  to.  magnetic  oxide,  and  then  separating  it  by  magnets.  Other  testa 
are  shown  in  Tables  358  to  361. 

TABLE    358. — ^BKOWN    HEMATITE    FROM    IRON    GATE,    VA.,    ALLEGHANY    IRON    00. 


Percentage 
bj'  Weight. 

Iron. 

Silica. 

Original  Ore. 

100.0* 
08.4* 
86.8* 

48.08* 
61.04* 
81.74* 

81.89* 
11.84* 
G6.0Q* 

Conoentntn 

•nuiinn 

TABLE  359. — ^BBOWN  HEMATITE    ( WASHER-TAILINGS ),   BARREN   SPRINGS,   VA. 


Percentage 
by  Weight. 

Iron. 

Silica. 

Original  ore 

100* 
80* 
70* 

88.08* 
68.14* 
2B.9Q* 

89.98* 

7.48* 

89.68* 

Concentrates 

IVMIingH. 

TABLE    360. — JIGGED    ZINC    ORE     (LIMONITE    AND    CALAMINE)     WYTHE    LEAD    & 

ZINC    CO.,   AUSTINVILLE,   VA. 


Percentage 
by  Weight. 

Iron. 

Zinc 

Original  ore 

100* 

18.6Q* 
49.46* 
8.41* 

89.67* 

6.6$* 

41.40* 

Conoentxates 

•TVilinea 

TABLE   361. MANGANESE  ORE    ( CULLS  FROM   WASTE   HEAP,   CONSISTING  OP  PAR- 
TICLES OF  CHERT  IN  A  MATRIX  OF  SILICIOUS  PYROLUSITE),  CAVE  SPRINGS^,  GA. 


Percentage 
by  Weight. 

SiUca. 

Original  ore 

100* 
69* 
48* 

88.78* 
40.91* 
16.54* 

48.00* 
•80.86* 
67.8(^ 

Concentrates... 

Tailings 

§  589.  The  Conkling  Dry  Magnetic  Separator. — The  principle  of  this 
is  shown  in  Fig.  469.    The  ore  is  fed  through  the  hopper  upon  the  distributing 


TAlLltj 


V       HOPPCR 


FIG.  469. — principle  of  THE  CONKLING  DRY  MAGNETIC 
SEPARATOR. 

or  conveying  belt,  which  moves  in  the  direction  indicated  by  the  arrow.     As 
it  passes  under  the  magnet,  the  magnetic  particles  are  lifted  up  against  the 


810 


ORE  DBE88IN0. 


§  590 


underside  of  belts  running  at  right  angles  to  the  distributing  belt  and  are  thus 
drawn  to  one  side  while  the  non-magnetic  particles  continue  on  and  are  deliv- 
ered over  the  end  of  the  belt.  The  strength  of  the  magnets  and  the  distance 
between  the  cross  belts  and  the  distributing  belt  may  be  varied.  Some  results 
of  tests  by  this  machine  on  separating  magnetite  from  gangue  are  given  in 
Table  362. 

TABLE    362. — CONCENTRATIONS    BY    THE    CONKLINO    DRY    MAGNETIC    SEPARATOR. 


Crude  Ore. 

TAilingB. 

Ore  From 

Iron. 
Percent. 

Phoephor'8 
Percent. 

Iron. 
Percent 

Phosphor's 
Percent. 

SiUca. 
Percent 

Iron. 
Percent. 

Fbosphoruft^ 
Perorat. 

Port  Henry,  N.  Y..  New  Bed 
Piatt  Mine,  N.J 

68.80 
68.04 
58.00 
89.00 

0.010 
1.146 
0.100 
0.088 

70.80 
70.89 
79.47 
66.84 

0.006 
0.168 
0.028 
0.005 

"iiw* 

81.00 
Notdetormiaed 

M 

u 

0.10 

Mt  Hope  Mine,  N.J 

Lehigh  Mountain,  Pa 

ft* 

§  590.  A  Magnetic  Separator  used  at  Monteponi,  Sardinia,  is  very  similar 
to  the  Conkling  Dry  Separator.  The  poles  of  the  magnet  are  bent  around 
so  as  to  come  quite  near  together.  The  conveying  belt  is  20  to  50  mm.  below 
the  poles,  and  moves  at  a  speed  of  0.5  meter  per  second.  The  stuff  treated 
varies  from  almost  pure  limonite  (with  4%  zinc),  to  stuff  with  almost  no  iron 
at  all.  The  separator  is  applied  to  material  up  to  10  mm.  in  size  after  roasting. 
The  current  varies  from  0.4  to  2  amperes  with  10  to  50  volts.  A  single  magnet 
treats  2  to  3  cubic  meters  of  ore  in  10  hours.  This  separator  is  now  used  in 
preference  to  the  Ferraris  separator  (see  §  578). 

§  591.  The  Conkling  Wet  Magnetic  Separator. — This  differs  from  the 
dry  separator  in  that  the  distributing  belt  is  placed  on  an  incline;  there  are 
no  cross  belts,  and  the  magnets  are  placed  beneath  the  belt,  that  is,  between 
the  ascending  and  descending  side.  Ore  is  fed  upon  the  belt  near  the  lower 
magnet.  A  stream  of  water  running  down  the  belt  carries  the  non-magnetic 
particles  off  at  the  lower  end,  while  the  magnetic  particles  are  held  against 
the  belt  by  the  attraction  of  the  magnets,  and  are  carried  up  by  the  belt  and 
over  the  upper  end.  There  is  more  or  less  loss  in  the  slimes  carried  off  by 
the  water. 

An  average  of  seven  months'  work  at  the  Tilly  Foster  Mine,  in  1890,  showed 
that  out  of  3,009  tons  treated  per  month,  1,039  tons  of  concentrates  were 
obtained,  or  1  ton  of  concentrates  from  2.89  tons  of  ore.  The  average  total  cost 
of  milling  per  ton  of  concentrates  was  $2.25,  of  which  $1.26  was  for  labor. 
The  average  cost  per  ton  of  raw  ore  varied  from  $0,189  to  $0,253.  The  per- 
centage of  iron  in  the  raw  ore  varied  from  24.96  to  28.57% ;  that  in  the  con- 
centrates from  47.40  to  51.04%,  and  that  in  the  tailings  from  10.21  to  11.53%. 

§  592.  The  Heberli  Wet  Separator  in  one  of  its  forms  is  shown  in  Figs. 
470a,  4706,  and  470c.  It  consists  of  a  box  filled  with  water,  in  which  is  the 
belt  BB  moving  over  the  pulleys  cc\  and  the  electromagnets  in  a  water  tight 
case  as  shown.  The  ore,  best  below  30  mesh,  is  fed  in  with  water  at  A;  the 
non-magnetic  particles  fall  down  to  the  right  of  the  deflector  into  the  hopper  G 
and  pass  out  through  //;  the  magnetic  particles  are  attracted  against  the  bolt 
and  are  carried  down  by  it  until  they  are  below  the  magnetic  field  when  they 
fall  into  the  hopper  E  and  pass  out  through  F.  A  machine  with  a  belt  two 
feet  six  inches  wide  is  capable  of  treating  35  tons  of  crude  ore  per  dav. 

Edison  Magnetic  Separator  for  Fine  Materials  is  used  as  No.  4  magnet 
in  Mill  91,  to  treat  the  fine  dust  taken  out  in  the  dusting  chamber.  As  shown 
in  Fi£:s.  471a  and  471/>,  tluTO  are  three  liorsoslioe  niafirnets  with  polos  at  /?,  ("* 
and  D,  The  fine  dust  is  fed  by  the  hopper  A  in  front  of  the  lowest  magnet  B. 
which  attracts  the  magnetic  particles  against  the  belt  E  while  the  non-magnetic 
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particles  fall  down.  As  the  belt  E  travels  upward,  the  magnetic  particles  are 
worked  in  a  zigzag  course  diagonally  along  the  magnet  B,  thence  along  C  and 
finally  along  D,  which  extends  farther  to  one  side  than  B  or  C,  and  delivers  con- 
centrates into  the  buckets  F  attached  to  the  belt  which  carry  them  up  over  to  the 
rear  as  shown.  The  zigzag  course  of  the  grains  serves  to  eliminate  particles 
which  would  otherwise  be  retained  by  the  magnetic  particles  in  stuflf 
so  fine  as  this.  This  separator  yields  magnetic  concentrates  which  are  a 
finished  product,  and  tailings  which  are  mainly  apatite^  and  are  sold  for  paint. 


PIO.  470a. — BIDE  ELEVATION 
OF  TUB  HEBEELI  WET 
SEPARATOR. 


0<M:tro  BCagiwU 


FIO.  4706. — ^VERTICAL  CROSS  SECTION. 


w — 

^      t 
3— !■ 


X 


± 


FIO.  470c. — HALF  PLAN  AND  HALF 
SECTION. 


FIO.  471a. — 
FRONT  ELE- 
VATION. 

EDISON'S      SEPARATOR      FOR      FINE      STUFF. 


FIO.  471J. — VERTICAL 
SECTION  ON  GH. 


§  593.  The  Kessler  Magnetic  Separator  has  been  used  to  some  extent 
abroad.  It  consists  of  a  horizontal  chain  belt  of  iron,  which  at  one  end  passes 
over  a  wooden  pulley,  and  at  the  other  end  over  one  of  solid  iron.  The  latter  is 
magnetized  by  an  electromagnet.  The  chain  is  thereby  made  magnetic  with 
strength  diminishing  toward  the  wooden  pulley.  Ore  fed  on  at  the  iron  pulley 
drops  thcf  non-magnetic  particles  immediately,  the  weakly  magnetic  particles  next, 
while  the  strongly  magnetic  particles  hold  on  until  they  almost  reach  the  wooden 
pulley. 
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§  594.  A  Magnetic  Separator  Formerly  Used  at  Przibram,  had  a  horizon- 
tal belt  which  carried  the  ore  along  beneath  two  sets  of  electromagnets.  These 
magnets  were  mounted  on  overhead  wheels  which  ran  on  rails,  and  they  had 
a  reciprocating  motion  back  and  forth.  When  they  were  directly  over  the  belt 
the  current  was  on,  and  magnetic  particles  were  attracted.  When  they  were 
at  one  side  the  current  was  oif  and  the  load  of  magnetic  particles  was  allowed 
to  fall.  Blende  and  siderite  were  roaj?ted  to  zinc  oxide  and  magnetic  oxide  and 
separated  by  this  machine  at  the  rate  of  150  kilos  per  hour. 

§  595.  The  Hughes  Daviot  Electromagnet,  used  at  Laurium,  in  Greece, 
is  suspended  by  a  universal  joint  and  is  moved  by  hand  over  a  pan  of  ore.  When 
a  load  of  magnetic  particles  has  become  attached  to  it,  it  is  swung  to  one  side. 


,,  1 1,  , 


I  Li fflril       i  I 


PIG.    472a. — sketch    of 

THE  NO.  1  magnets  IN 
MILL  91. 


TaUlnffB 

PIG.  4726. — sketch  op  the  no.  3 

MAGNETS  IN  MILL  91. 

the  current  cut  ofiF  and  the  load  dropped.  This  forms  a  species  of  hand  sorting 
by  the  use  of  a  powerful  controllable  electromagnet.  It  uses  2 J  to  3  amperes 
current  with  40  volts. 


III.      SEPARATORS  WITH  THE  ORE  FALLING  IN   FRONT  OF  MAGNETS. 

§  50G.  The  Edison  Magnetic  Separator. — This  is  simply  a  plain  bar  electro- 
magnet before  the  poles  of  which  the  ore  falls  in  a  thin  sheet,  and  the  magnetic 
particles  are  therehy  deflected  to  one  side,  while  the  non-magnetic  particles 
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fall  vertically.  These  machines  are  used  for  the  No.  1,  2,  and  3  magnetic 
separators  in  Mill  91.  The  No.  1  magnets  are  grouped  in  sets  of  three,  one 
above  the  other,  as  shown  in  Fig.  472a.  Each  magnet  is  12  inches  long  between 
the  poles,  4  feet  6  inches  wide  and  4  inches  thick.  Cast  iron  is  used  for  the 
cores,  and  in  this  case  is  as  good  as  wrought  iron,  since  the  cores  are  never 
saturated.  The  cores  are  wound  with  No.  4  copper  wire,  and  the  upper  magnet 
of  a  set  has  the  fewest  turns  and  the  lowest  the  most,  thereby  causing  a  propor- 
tional increase  in  magnetic  force.  The  three  magnets  of  a  set  are  wired  in 
Fcries,  but  the  different  sets  are  wired  in  parallel.  A  set  is  supplied  with  15 
amperes  and  80  volts.  One  set  treats  16  tons  per  hour  of  stuff  which  has 
passed  through  a  0.060-inch  (1.52-mm.)  slot,  and  carries  20%  iron  and  0.70 
to  0.80%  phosphorus.  This  is  nearly  two  tons  per  hour  per  foot  of  face  of 
upper  magnet.  The  tailings  of  the  upper  magnet  contain  7%  iron,  and  are 
treated  by  the  middle  magnet.  The  tailings  of  the  middle  magnet  contain  2^% 
iron,  and  are  treated  by  the  lower.  The  tailings  of  the  lower  magnet,  amount- 
ing to  55%  of  the  original  ore,  contain  only  0.8%  iron  and  are  waste.  The 
heads  of  the  three  magnets  contain  40%'  iron  and  go  to  the  drier. 

The  No.  2  magnets  are  wound  and  arranged  in  sets  of  three,  like  the  No.  1 
magnets,  except  that  the  cores  are  8  inches  long  between  the  poles,  4  feet 
G  inches  wide  and  3  inches  thick.  They  are  wound  with  No.  6  copper  wire 
and  a  set  uses  a  current  of  10  amperes  with  120  volts.  Their  capacity  is  \  ton 
per  hour  per  foot  face  of  upper  magnet.  They  are  fed  with  the  concentrates 
of  the  No.  1  magnets,  after  drying  and  re-crushing  through  a  slot  0.020  inch 
(0.51  mm.)  wide.  The  heads  of  all  three  magnets  in  each  set  contain  60% 
iron  and  go  to  a  dusting  chamber.     The  tailings  of  the  lower  magnet  are  waste. 

In  the  dusting  chamber  the  fine  dust  is  blown  out,  the  percentage  of  iron 
in  the  residue  being  raised  thereby  to  64%.  This  residue  goes  to  the  No.  3 
magnets,  arranged  with  five  in  a  set,  as  shown  in  Fig.  4726.  It  will  be  seen 
that  this  differs  from  that  of  the  No.  1  and  No.  2  magnets  in  that  it  is  not  the 
tailings  of  a  magnet  but  rather  the  heads,  that  are  treated  by  the  next  magnet 
below.  In  this  case,  the  magnets  are  all  of  the  same  strength.  The  cast  iron 
cores  are  4  feet  6  inches  wide,  4  inches  long  between  the  poles  and  2  inches 
thick.  They  are  wound  with  No.  6  copper  wire,  and  a  set  uses  a  current  of 
17  amperes  with  100  volts.  Their  capacity  is  400  pounds  per  hour  per  foot 
face  of  upper  magnet.  The  tailings  of  the  upper  magnet  are  waste,  while  those 
of  the  other  four  are  sent  back  and  put  with  the  main  stream  of  ore  to  be  re- 
orushed.  The  heads  of  the  lowest  magnet  contain  67  or  68%  iron  and  are 
finished  products. 

ROASTING  FOR  MAGNETISM. 

§  597.  This  is  used  to  some  extent  upon  ores  containing  iron  which  in  their 
natural  state  are  only  weakly  magnetic.  By  submitting  them  to  a  preliminary 
roasting,  they  become  strongly  magnetic  and  readily  separated  from  their  gangue 
or  from  some  other  valuable  mineral,  as  the  case  may  be. 

The  only  strongly  magnetic  oxides  of  iron  which  can  be  produced  for  mag- 
netic separation  are,  according  to  Wedding*,  Fe304  and  Fe^OT.  FejO.,  is  only 
weakly  magnetic  and  FeO  cannot  be  produced  in  practice.  There  are  thre« 
methods  of  changing  weakly  magnetic  iron  ores  into  the  magnetic  oxides: 
(1)  Simple  heating  at  a  high  temperature  expels  some  of  the  oxygen  from 
FejOs  leaving  PCjO^  or  Yefi^.  This  is  applicable  to  hematite  and  limonite 
ores,  the  heat  also  driving  off  any  combined  water  that  may  be  present.  It  is 
expensive  for  fuel,  however.  (2)  Reduction  at  a  red  heat  by  means  of  solid 
carbonaceous  matter  or  by  reducing  gases,  usually  hydrogen  and  carbon  monoxide. 
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This  is  the  commonly  used  process  on  hematites  and  limonites.  (3)  The  decom* 
position  of  FeCOg  by  heat,  COj  being  driven  oflf.  This  is  applicable  to  spathic 
iron  ores.  It  is  not  possible  to  get  FeO  in  this  way,  since  some  of  the  O  of  the 
CO2  combines  with  the  FeO  and  forms  Fe304  or  FceOy.  In  the  last  two  of  the 
above  cases  the  air  must  be  kept  out,  since  the  oxygen  of  the  air  readily  reacts 
with  Fe304  and  Fe^O^  to  form  FeoOj,  thus  undoing  all  the  work. 

Of  sulphide  ores,  pyrite  (FeSo)  is  only  weakly  magnetic,  while  pyrrhotite 
(Fe^Sg)  is  strongly  magnetic.  By  roasting  pyrite  under  oxidizing  conditions 
it  is  possible  to  drive  off  some  of  the  sulphur  as  SO2  and  leave  the  magnetic 
sulphide.  There  is  a  tendency  for  some  iron  to  be  oxidized  at  the  same  time, 
however,  which  makes  the  process  hard  to  regulate,  unless  some  carbonaceous 
matter  is  added  near  the  end  of  the  roast  to  act  as  a  reducing  agent. 

In  roasting  it  is  best  to  have  the  ore  of  a  uniform  size,  in  order  that  it  may 
all  be  treated  uniformly.  Too  coarse  ore  takes  too  long  to  treat.  Too  fine  ore 
is  hard  to  treat,  owing  to  difficulty  of  passing  gases  through  it.  The  best  fur- 
nace for  coarse  ore  is  a  shaft  furnace  gradually  enlarging  downward  to  allow  for 
expansion  of  the  ore  and  thereby  give  room  for  upward  passage  of  gases.  For 
fine  ore  a  hearth  furnace  is  required. 

This  process  of  roasting  was  tried  on  Alabama  hematite  ores  by  William  B. 
Phillips.^'^  He  used  a  modified  Davis  Colby  shaft  furnace.  The  magnetization 
had  to  be  very  carefully  performed  in  order  to  successfully  reduce  a  lump  all  the 
way  through  and  still  prevent  incipient  fusion  on  the  surface.  The  best  size  for 
treatment  was  found  to  be  about  2  inches  in  diameter  and  the  average  tempera- 
ture used  was  1,100°  F.  The  average  ore  contained  45%  iron  and  30%  silica, 
and  the  concentrates  obtained  after  roasting,  crushing  and  magnetic  separation, 
contained  58.9%  iron  and  11.5%  silica. 

S  598.  At  Allevard,  France*^  there  is  a  plant  which  roasts  spathic  iron  ore  on  a 
commercial  scale.  Shaft  furnaces  are  used,  one  of  which  yields  25  metric  tons 
of  roasted  ore  in  24  hours,  using  30  kilos  of  coal  in  the  gas  producer  for  each  ton 
of  ore  roasted.  A  temperature  of  1,000° C.  is  used.  The  ore  loses  28%  in  weighty 
2%  of  carbon  dioxide  remaining  in  the  roasted  ore.  This  is  a  case  where  roast- 
ing and  magnetism  are  employed  merely  to  save  the  iron,  but  as  a  rule,  the  proc- 
ess is  too  costly  for  simple  iron  ores,  and  is  used  only  where  the  ore  contains  some 
other  valuable  mineral  besides  iron.  The  following  instances  are  given  of  this 
latter  case: 

Mill  93  roasts  tailings  of  jigs,  containing  limonite  and  smithsonite  ranging 
from  6  mm.  to  0,  in  common  reverberatory  furnaces,  with  grates  20  by  84  inches 
and  hearths  7  feet  wide  and  8  or  9  feet  long.  The  ore  is  heated  to  redness  and 
then  the  limonite  is  reduced  to  magnetic  oxide  by  the  addition  of  fine  coal  to  it. 
The  charge  of  ore  is  12,000  pounds;  and  of  fine  coal  1,200  pounds.  The  coal 
burned  on  the  grate  is  4,480  pounds  per  charge.  Sixty  minutes  is  required  to 
bring  it  to  redness  and  sixty  more  to  effect  the  reduction.  The  ore  is  then  cooled 
and  separated  by  Payne  separators.  In  nine  months  1,415  tons  produced  675 
tons  of  heads  carrying  50  to  55%  metallic  iron,  and  tailings,  which  contained 
most  of  the  zinc  and  only  4  to  6%  iron. 

Mill  92  formerly  employed  a  similar  process  before  using  the  Wetherill  process. 

Tests  have  been  made  on  tailings  of  Leadville,  Colorado,  mills  containing 
pyrite  and  blende  which  cannot  be  separated  by  jigging.  Some  of  the  Anchor 
mill  ore,  containing  galena,  pyrite,  blende  and  gangue,  was  heated  in  an  iron  pan 
in  a  muffle  at  a  low  red  heat  until  all  the  flame  of  burning  sulphur  had  disap- 
peared. After  cooling,  the  magnetic  material  (sulphide  of  iron,  FeS)  was  re- 
moved by  a  magnet.  The  non-magnetic  material  was  panned  to  make  lead  con- 
centrates and  the  residue  panned  again  to  make  middlings  (zinc  ore)  and  tail- 
ings.    Results  of  a  test  by  James  W.  Noill  are  given  in  Table  363. 
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TABLE  363. — ^TEST  OF  ANCHOR  MILL  ORE. 


Percent 

of 

Total 

Ore. 

Silver. 

Lead. 

Gold. 

Zinc. 

Material. 

Assay  in 
Ounces 
per  Ton. 

Percent 

of 
Total. 

Assay 
in 

Percent 

of 
Total. 

Assay  iu' 
Ounces 
per  Ton. 

Percent 

of 
Total. 

Assay 

in 
Percent 

Peicent 

of 
Total. 

Original  on» 

100 
18.5 
22.0 
26.0 
25.0 

15.4 
18.0 
M.6 
11.8 
6.8 

100 
14.5 
49.4 
20.0 
9.8 

14.5 

100 

Trace. 
0.06 

100 

15.0 
4.9 
14.2 
S4.1 
12.0 

100 

4.1 

\jfik<^  coDoeDtratna. 

67.0 
8.5 

86.5 
15.8 

20.8 

Middlings 

55.1 

Tailinra 

20.0 

85.6 

98.2 

101.8 

100.0 

In  this  work  the  non-magnetic  particles  still  contain  all  their  sulphur  and  are 
not  desirable  for  smelting.  Gouyard'^^  has  tested  such  ores  by  roasting  them  down 
to  5  or  7%  sulphur,  getting  most  of  the  iron  into  the  form  of  sesquioxide  and 
then  reducing  it  to  the  magnetic  oxide.  This  requires  a  higher  heat,  and  more 
of  the  lead  goes  with  the  magnetic  portion  than  in  the  former  case. 

Ellis  Clark"  reports  the  separation  of  spathic  iron  ore  from  zinc  blende  at 
Przibram  by  roasting  the  ore  (not  over  1  mm.  in  diameter)  in  a- small  oven  for  an 
hour,  and  then  sending  it  to  a  magnetic  separator. 

At  Monteponi,  Sardinia,"*  a  large  amount  of  spathic  iron  ore  with  carbonate 
and  silicate  of  zinc,  which  had  accumulated  in  wet  concentration,  is  being  worked 
up  by  the  roasting  and  magnetic  process.  The  ore  is  first  mixed  with  2%  fine 
coal  and  heated  to  such  a  degree  that  the  iron  oxides  contained  are  reduced  suffi- 
ciently to  become  magnetic.  It  is  then  sized  and  separated  by  a  magnetic  sepa- 
rator (see  §  590)  into  iron  ore,  zinc  ore,  and  middlings  to  be  roasted  again.  The 
furnaces  used  are  of  the  revolving  cylinder  type,  32  feet  9  inches  long,  and  3  feet 

3  inches  inside  diameter.  Each  furnace  treats  12  tons  in  24  hours,  burning  2 
tons  of  coal.  The  raw  ore  contains  26%  zinc  and  10%  iron.  The  zinc  concen- 
trates contain  45%  zinc.  The  concentration  is  a  little  over  3  tons  of  ore  into 
1  ton  of  zinc  concentrates. 

At  Friedrichssegen,  Rhenish  Prussia,**  the  ore  from  hand  picking,  containing 
spathic  iron  and  zinc  blende,  ranging  from  40  to  120  mm.  in  size,  is  roasted  to 
magnetic  oxide  in  shaft  furnaces  with  fine  coke.  A  furnace  treats  8,000  kilos 
per  day  and  uses  only  50  kilos  of  fine  coke,  the  remainder  of  the  heat  being  fur- 
nished by  the  sulphur  in  the  ore.  The  roasted  product  is  crushed  to  5  mm.  and 
sent  to  a  magnetic  separator.  Ore  from  the  washing  which  is  below  6  mm.  is 
roasted  in  reverberatory  furnaces  for  about  1^  hours.  Two  furnaces  in  series 
treat  18  to  20  tons  in  24  hours.     The  roasted  product  is  all  crushed  through 

4  mm.  and  separated  magnetically.  The  magnetic  machines  make  iron  ore, 
which  is  a  finished  product,  zinc  ore,  which  has  some  of  its  gangue  removed  by 
washing,  and  middlings,  which  are  re-treated.  The  results  of  the  magnetic  treat- 
ment are  to  treat  24  tons  of  roasted  ore  containing  12  to  15%  zinc  and  20  to  22% 
iron,  and  make  7  to  8  tons  of  zinc  ore  containing  33%  zinc  and  16  to  18  tons  of 
iron  ore  containing  36  to  38%  iron  and  10%  manganese. 

At  Maiem,  Austria,*^^  the  problem  and  the  method  of  treatment  are  similar  to 
Friedrichssegen. 

At  Svarto,  Sweden,**  magnetite  ore  containing  a  high  percentage  of  phosphorus 
is  crushed  to  1  mm.  and  separated  magnetically.  The  iron  ore  obtained  goes  to 
market.  The  non-magnetic  part  is  washed  to  remove  the  apatite,  which  is  mixed 
with  sodium  carbonate  and  made  into  phosphate.  There  is  really  no  roasting  for 
magnetism  here.     The  furnaces  are  used  only  in  working  up  the  apatite. 

Pneumatic  Concentration. 
§  599.  Air  may  be  used  much  in  the  same  way  as  water,  as  a  medium  for  sort- 
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ing  grains  of  ore  into  grades  according  to  their  settling  power.  The  conditions 
which  point  to  the  use  of  air  for  concentration  are:  (1)  the  removal  of  dust  from 
natural  or  pulverized  stuff  by  a  blast  of  air;  (2)  the  treatment  of  placer  gold  or 
ores  in  general,  in  districts  where  there  is  a  scarcity  of  water. 

There  are  three  chief  classes  of  apparatus  for  separating  ores,  that  depend  upon 
air  as  a  medium : 

I.  Those  using  a  continuous  blast  of  air  which  acts  on  the  particles  and  yields 
graded  products. 

II.  Those  which  project  the  ore  particles  through  air  by  a  force  other  than  an 
air  blast,  the  heaviest  grains  going  farthest,  the  other  grains  being  graded  accord- 
ing to  their  momentum. 

III.  Air  jigs,  or  those  which  subject  the  ore  in  a  bed  to  a  series  of  upward, 
intermittent  pulsations  of  air,  the  lighter  particles  rising  to  the  top  layer,  the 
heavier  particles  settling  beneath  in  the  same  manner  as  in  the  hydraulic  jig, 
when  run  without  suction. 


^4. 


I.      AIR  CONCENTRATORS  USING  A  CONTINUOUS  BLAST  OF  AIR. 

§  600.  Edison  Dusting  Chambers. — In  Mill  91,  a  horizontal  blast  of  air, 
under  a  pressure  equal  to  6  inches  of  water,  is  used  to  remove  the  finer,  lighter 
portion  of  the  gangue  from  the  magnetic  concentrates  of  the  No.  2  or  8-inch  mag* 
nets.  These  concentrates  have  been  through  a  slotted  hole  0.5  mm.  wide,  and  con^ 
tain  magnetite,  with  apatite  and  fine  calcium  sulphate  as  chief  impurities  to  be 

removed.     They  run  60%   iron. 

J? 


The  blowing  apparatus  (see  Pig. 
473)  consists  of  three  wide 
nozzles,  D,  F,  O,  delivering  air 
streams  72  inches  wide  and  1 
inch  thick.  They  are  placed  one 
above  another  and  connected  to 
the  same  fan  K.  The  ore  is  fed 
in  front  of  the  upper  nozzle  by  a 
hopper  A,  a  wide  flue  B,  and  by 
three  little  shelves  C,  called 
chokers,  which  break  the  force  of 
descent  and  deliver  the  stream  di- 
rectly in  front  of  the  jet  D.  A 
large  portion  of  the  dust  ^'s  blown 
into  the  dust  chamber  E,  while 
the  heavy  material  passes  down- 
ward. In  like  manner  it  passes  the  other  two  jets  F  and  0,  losing  some  dust  in 
front  of  each.  The  apparatus  makes  two  products,  the  heavy  which  runs  64%  iron 
and  is  mostly  magnetite,  and  the  light  which  is  apatite  and  calcium  sulphate,  with 
some  fine  magnetite.  The  heavy  product  goes  to  the  No.  3  or  the  4-inch  magnets, 
while  the  light  goes  to  No.  4  magnet.  This  blowing  is  for  two  purposes:  (1)  to 
make  clean  heads  by  blowing  out  the  apatite,  and  (2)  to  enable  the  No.  3  or 
finishing  magnets  to  work  more  freely.  The  calcium  sulphate  comes  from  the 
water,  which  contains  120  grains  to  the  gallon.  When  dried,  it  forms  an  elastic 
coating  on  the  grains,  and  sticks  tiny  grains  of  gangue  dust  to  the  ore.  To  re- 
move this  the  drier  preceding  the  No.  2  magnets  is  heated  to  200*^.,  by  which 
means  the  coating  becomes  brittle,  is  broken  off  in  transit,  and  readily  blown 
away. 

§601.  The  Hochstedt  Apparatus,  shown  in  Pig.  474,  is  of  this  class.     It  is 
used  at  the  Bheinpreussen  Colliery  at  Homberg  on  the  Rhine,  for  blowing  the 


PIG.  473. — ^Edison's  dusting  chamber. 
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aiist  out  of  coal.  The  fine  coal  (7  mm.  to  0  in  diameter)  is  spread  out  and  fed 
evenly  by  a  roller  feeder  over  a  width  of  2  m.  A  jet  of  air,  A,  2  m.  wide  and 
0.1  m.  thick,  from  No.  1  fan  blower,  directed  upward  at  an  angle  of  about  32'', 
blows  through  the  falling  shwt  of  particles,  removing  the  fine  stuff.  The  air  blast 
then  passes  up  a  branch  discharge  flue,  B,  inclined  upward  at  an  angle  of  50**, 
and  any  particle  that  is  heavy  enough  to  fall  out  of  the  air  current  can  do  so 
and  return  to  the  heavy  product.  The  rest  goes  over  to  dust  chambers  E,  The 
falling  sheet  of  particles  passes  by  a  second  jet,  A^,  4  m.  wide  and  0.04  m.  thick, 
furnished  by  No.  2  blower,  and  has  the  remaining  fines  taken  out  and  sent 
through  a  second  branch  discharge  flue,  B^,  to  the  same  dust  chamber,  E,  from  the 
outlet  of  which  the  air  for  the  fans  is  drawn,  thus  making  a  continuous  circuit. 
The  fine  coal  is  30%  of  the  whole  and  has  a  maximum  diameter  of  2  nrni.  The 
dust  chamber  costs  $750  and  the  fans  $600  each.  The  apparatus  treats  500  tons 
of  coal  per  day  at  a  cost  of  5|  cents  per  ton. 


PIG.   474. — SECTION   OP  THE  HOOHSTEDT  APPARATUS. 

At  the  St.  LfOuis  floor  of  the  Anzin  Company  there  is  an  apparatus  very  similar 
to  the  preceding. 

Air  has  been  used  to  some  extent  in  this  country  for  blowing  dust  out  of  coal. 
It  is  particularly  advantageous  to  remove  the  dust  before  washing  coal,  as  the 
oust  hinders  the  washing  of  coarser  sizes,  increases  the  percentage  of  loss  and. 
adhering  to  the  washed  coal,  prevents  it  from  drying  quickly.     ^ 

Air  is  used  in  dressing  asbestos  at  Thetford,  Quebec,****  where  rock  that  has 
been  reduced  in  a  Cyclone  pulverizer,  is  passed  over  an  11 -mesh  shaking  screen, 
and  from  the  oversize  of  this  screen,  the  fibrous  portion  is  drawn  away  rrom  the 
sand  by  an  air  current.  There  is  a  cover  extending  about  two-thirds  of  the  way 
from  the  upper  to  the  lower  end  of  the  screen,  and  an  inverted  funnel,  which  con- 
nects with  a  suction  fan,  covers  the  lower  end.  The  fan  delivers  the  fibres  into 
a  fsettling  chamber,  the  outlet  of  which  is  covered  by  a  fine  screen. 

§  602.  Classipier  at  Enois. — At  Engis  a  horizontal  covered  box  8  m.  long  and 
0.4  m.  square,  had  a  hopper  on  top  at  one  end  which  dropped  the  ore  in  a  regular 
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stream  in  front  of  a  horizontal  blast  of  air.  The  graded  products  were  caught  in 
a  series  of  hoppers  in  the  bottom  of  the  box.  The  final  dust  was  settled  in  a  dust 
chamber.  Its  capacity  was  25  to  27  tons  in  12  hours.  The  apparatus  was  found 
to  be  very  susceptible  to  slight  changes  in  the  pressure  of  the  blast,  which  caused 
considerable  change  in  the  products  and  injured  the  classification.  It  was,  there- 
fore, given  up  at  this  place,  although  similar  forms  are  used  in  certain  places. 

§  603.  A  Pneumatic  Belt  Concentrator  was  tried  at  the  mill  of  the  Him- 
melsfiirst  mine  in  Saxony.  It  consisted  of  a  horizontal  endless  belt,  1.91  m.  long, 
480  mm.  wide,  moving  with  a  velocity  of  110  mm.  per  second.  Blasts  of  air  were 
delivered  across  it  from  five  flat  tuyeres,  each  250X65  mm.  in  section. 
Thev  were  placed  350  mm.  from  center  to  center.  The  five  tuyeres  blew  off 
products  which  were  caught  separately.  The  sizes  most  satisfactorily  treated 
.  n  this  machine  were  between  0.5  mm.  and  1.5  mm.  in  diameter.  On  stamp 
stuff  passing  through  1.5  mm.  and  resting  on  1  mm.,  results  are  reported  as  shown 
in  Table  364. 


TABLE  364. — analyses  OF  PRODUCTS  OF  PNEUMATIC  BELT  CONCENTRATOR. 


Feed 

Product  from  first  and  second  tuyeres 

Marketable  galena 

Marketable  galena 

Middlings 


Amount  of  MateriaL 

Snver. 

Lead. 

Sulphur. 

Zinc. 

Percent 

Percent. 

Percent 

Percent 

Pero60t. 

100.00 

0.086 

87.6 

7.8 

4 

48.68 

0.078 

4.5 

8.4 

8 

84.59 

0.108 

71.5 

15.1 

8 

8.80 

0.880 

41.6 

14.8 

5 

84.69 

0.115 

9.5 

7.8 

5 

The  results,  however,  did  not  warrant  its  adoption. 
§  604.  MuMFORD  AND  MooDiE^s  SEPARATOR  has  a  horizontal  disc,  D,  revolving 

at  high  speed  (see  Fig.  475).  Upon  this  in  a 
steady  stream  from  the  hopper,  C,  is  fed  the  dry 
ore  to  be  separated.  The  particles  are  thrown  out 
radially  in  a  horizontal  direction,  but  are  stopped 
by  an  enclosing  vertical,  truncated  cone,  expand- 
ing slightly  downward,  which  surrounds  the  disc. 
In  the  annular  space  between  the  disc  and  the 
cone  is  an  upward  current  of  air  induced  by  fan 
blades.  A,  revolving  with  the  disc.  This  current 
lifts  the  lighter  portion  and  discharges  it  in  an 
outer  chamber,  E,  while  the  heavier  particles  fall 
in  an  inner  chamber,  H.  After  having  dropped  its 
charge,  the  air  returns  from  the  outer  to  the  inner, 
as  shown  by  the  arrows,  it  being  distributed  to  the 
pulp  by  the  perforated  plates,  0,  and  acts  over 
again.  It  is  made  in  three  sizes,  3J  to  6  feet  in 
diameter,  and  they  treat  from  1  to  4  tons  per  hour. 
The  advantage  lies  in  its  compactness  for  perform- 
ing the  duty  of  a  screen,  separating  fine  dust  from 
8c»kxi»^-i<ooft  coarser  material.    Two  hundred  are   in   use    in 

FIG.  475.— SECTION  OF  MUM-     England  and  America. 

FORD  AND  MOODIE  S  SEP- 
ARATOR. 
II.      AIR   CONCENTRATORS   WHICH   PROJECT   THE   PARTICLES   BY   A   FORCE   OTHER 

THAN  AIR  BLAST. 

§  605.  The  Pape-Hennebero  Separator  (see  Figs.  476a  and  4766)  consists 
of  a  large  pan  6  m.  in  diameter,  with  a  series  of  concentric  troughs,  c.  Suspended 
freely  over  the  center  of  the  pan  is  a  disc  450  mm.  in  diameter,  which  revolves  at 


§  605 


MISCELLANEOUS  PROCESSES  OF  SEPARATION. 


8L9 


the  high  spe^^d  of  3,000  revolutions  per  minute.  Over  the  revolving  disc  is  a 
stationary  disc  or  cover,  6,  2  ni.  in  diameter.  Particles  of  ore  from  the  two  hop- 
pers a  and  a,,  are  fed  near  the  center  of  the  revolving  disc  and  are  thrown  out 
radially  by  centrifugal  force  with  high  velocity  against  an  inflowing  current  of 
air,  which  comes  in  all  around  under  the  edge  of  the  stationary  disc  and  is  drawn 


FIG.    476a. — PERSPECTIVE   OF    PAPE-HENNEBEKO   SEPARATOR. 

out  through  a  central  orifice,  l^,  under  the  revolving  disc,  by  a  suction  fan,  and 
discharged  to  a  dust  chamber.  The  air  takes  out  the  fine  dust.  The  other  parti- 
cles which  are  able  to  resist  the  air  current,  fall  into  the  concentric  troughs. 
Those  with  the  most  momentum  go  to  the  farthest  trough ;  the  others  are  graded 


FIG.  4766. — ^VERTICAL  SECTION  OF  SEPARATOR,  4,000  MM.  INSIDE  DIAMETER. 

in  the  different  troughs  according  to  their  momentum.  These  are  sorted  products 
analogous  to  those  of  a  hydraulic  classifier,  the  outer  trough  containing  the 
Kiarsest  product  corresponding  to  the  first  spigot,  and  the  exhaust  containing  the 
fine  dust  corresponding  to  the  slime  overflow.  Each  of  the  troughs  has  a  cross 
bJit  at  one  place  in  the  bottom.     Revolving  arms,  d,  with  scrapers  for  each 
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trough  serve  to  bring  the  ore  to  the  slits.  The  outer  trough  yields  pure  concen- 
( rates;  the  jjroducts  from  the  others  are  sifted,  and  yield  fines,  which  are  con- 
centrates; coarse,  which  are  waste;  and  middlings,  which  are  re-treated  dry  or, 
better  treated  wet  on  tables.  The  fine  dust  is  also  best  treated  wet  on  tables. 
The  various  adjustments  are :  the  speed  of  the  disc,  the  velocity  of  the  air  current 
and  the  rate  of  feed.  The  disadvantages  are  that  ore  must  be  crushed  fine, 
1  mm.  to  0.85  mm.,  which  causes  much  dust.  This  fine  stuff  if  taken  out  is  not 
satisfactorily  treated  on  any  existing  machine;  if  not  taken  out,  it  contami- 
nates all  the  other  products.  The  power  required  is  3  horse  power  for  tie  ma- 
chine and  2  horse  power  for  the  fan.  The  capacity  is  1,800  to  2,700  pounds  per 
hour.  Plants  have  been  erected  in  Sweden,  in  the  Urals,  and  one  has  been  built 
for  China. 

§  606.  The  Clarkson-Stanfield  Patent  Centrifugal  Separator  is  much 
like  the  last.  It  has  four  troughs  for  catching  the  products.  It  has  radial  grooves 
in  the  revolving  disc  and  this  disc  is  covered  by  another  disc,  so  that  the  particles 
Hre  forced  to  travel  outward  through  the  grooves.  Its  feed  is  sized  very  closely 
beforehand,  using  in  one  instance  30-,  35-,  42-,  50-,  70-,  90-  and  120-mesh 
jsieves.  The  fine  dust  is  not  sent  to  the  machine ;  the  other  products  are  treated 
one  at  a  time,  with  the  proper  speed,  and  yield :  heads  in  the  outer  troughs,  mid- 
dlings in  the  next  troughs  and  tailings  in  the  inner  troughs.  It  has  been  in- 
stalled at  the  Cam  Dochan  mine  in  North  Wales,  where  over  80%  extraction  is 
obtained  by  the  process,  also  at  the  Prussian  mine  in  Boulder  County,  Colorado. 
One  man  can  tend  three  or  four,  or  even  five,  machines,  each  treating  1^  tons  per 
hour.  Australian  tailings,  assaying  7  to  8  pennyweights  gold  per  ton,  yielded  on 
a  test  at  one  operation:  First-class  concentrates,  assaying  7  ounces,  16  penny- 
weights, 9  grains  gold  per  ton ;  second-class  concentrates,  assaying  2  ounces,  12 
pennyweights,  6  grains  gold ;  and  tailings,  assaying  1  pennyweight,  7  grains  gold. 

A  CENTRIFUGAL  MACHINE  SEPARATING  COAL  is  used  at  the  Quecu  Mary  CoUien*. 
Lannisdorf.  It  includes  the  revolving  disc,  the  annular  trough  and  the  air  suc- 
tion."* 

III.      AIR  JIGS. 

§607.  The  Hooper  Pneumatic  Concentrator. — ^The  Perfected  Hooper 
Pneumatic  Concentrator,  which  is  Hhe  modem  form  of  the  old  Paddock  Air  Jig, 
substitutes  air  for  water  as  a  pulsating  medium  for  eflEecting  separation. 

Following  are  the  essential  features  of  the  machine  (see  Figs.  477a  and  4776). 
Through  the  chamber  A  runs  a  rectangular  diaphragm  a.  This  diaphragm  is 
composed  of  an  outer  rim  of  leather,  the  sides  of  which  are  firmly  bolted  between 
the  upper  and  lower  sections  of  the  air  chamber.  Within  the  chamber  the  leather 
is  firmly  attached  to  a  strong  wooden  frame,  6,  which  is  divided  by  transverse 
wooden  braces  c.  Between  these  braces,  and  attached  to  them,  are  two  rubber 
flaps  resting  upon  a  sheet  of  perforated  metal.  The  diaphragm  is  connected  to 
two  eccentric  boxes,  B,  in  which  revolye  a  fixed  eccentric  attached  to  the  workinsr 
shaft  C,  each  eccentric  being  cased  by  a  loose  eccentric  sleeve,  d,  which  can  bo 
adjusted  and  held  by  a  set  screw,  e,  allowing  a  throw  of  i  to  \\  inches.  A  move- 
ment is  thus  communicated  to  the  diaphragm  which  discharges  at  each  revolution 
an  air  blast  to  the  chamber  A,  which  blast  then  passes  through  the  fixed  dia- 
phragm 0,  also  arranged  with  rubber  flaps,  and  is  discharged  through  the  grated 
sieve,  g,  upon  a  broadcloth  bed,  f ,  stretched  over  same.  Resting  upon  the  broad- 
cloth  bed  is  the  concentrating  top  which  consists  of  two  sets  of  guide  strips,  run- 
ning diagonally  to  each  other  and  at  angles  of  30°  to  45**  with  the  side  of 
the  frame.  The  lower  set  of  strips,  ff,  are  of  brass,  ^  inch  thick,  ^  to  j  inch 
high  and  §  to  \\  inches  apart,  depending  upon  the  material  to  be  treated.     The 
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upper  set  of  strips,  /,  called  skimmers,  run  upon  and  diagonally  across  the  lower 
set.     They  are  also  of  brass,  ^  inch  thick,  3 J  inches  high  and  f  to  i  inch  apart. 


FIG.  477a. — ^PEBSPECTIVE  OF  THE  HOOPER  PNEUMATIC  CONOENTRATOI^ 


FIO.  477i. — LONOrrUDINAL  SECTION.     SCALE — }  INCH  =  1  FOOT. 

These  upper  strips  terminate  2  inohos  from  the  left  or  discharge  Pido  of  the  top 
for  a  distance  of  23  inches  from  the  diFchargc  end,  thus  leaving  a  free  discharge 
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channel,  K,  for  the  gangne  or  tailings.  The  concentrating  top  may  be  removo<l 
from  the  concentrating  bed  at  will.  Any  desired  vertical  or  lateral  inclination 
of  the  concentrating  bed  is  obtained  by  means  of  a  universal  joint,  E,  which  is 
held  in  the  desired  position  by  means  of  two  clamps  situated  at  opposite  sides  of 
same,  as  shown  at  h.  The  maximum  inclination  toward  the  discharge  side  is  11** 
and  that  toward  the  concentrating  side  5**,  depending  upon  the  character  of  the 
ore  being  treated  and  the  mesh  to  which  it  has  beem  sized.  As  a  general  rule  the 
larger  the  mesh  and  the  heavier  the  mineral,  the  greater  the  inclination  in  both  di- 
rections. The  crushed  ore,  after  being  closely  sized,  is  fed  from  a  hopper  (not 
shown)  placed  at  the  head  of  the  concentrating  bed.  This  hopper  is  adjustable  in 
position  and  it  is  provided  with  small  sliding  gates,  by  means  of  which  the  flow  is 
adjusted. 

It  will  be  evident  from  the  foregoing  that  when  crushed  ore,  composed  of  par- 
ticles of  different  gravities,  is  fed  upon  the  concentrating  bed,  the  pulsations 
through  the  broadcloth,  due  to  the  blasts  before  described,  cause  the  heavier  min- 
eral particles  to  be  thrown  to  the  bottom,  where  they  settle  down  between  the 
lower  metal  strips  and  are  thus  ^ided  toward  the  concentrates  side  of  the  table, 
the  lighter  or  gangue  material  being  thrown  to  the  top  where  it  is  subjected  to  suc- 
cessive skimming  actions  by  the  upper  set  of  metal  strips  and  thus  guided  in  the 
opposite  direction  toward  the  tailings  side  of  the  table.  After  the  ted  is  filled  to 
an  even  depth  of  |  to  f  inch  and  the  resulting  products  of  concentrates,  middlings 
and  tailings  begin  to  flow  regularly  and  smoothly  over  the  discharge  end  of  the 
table,  they  are  guided  to  any  point  of  disposition  by  means  of  wooden  guide 
strips,  F.  It  is  found  that  the  various  minerals  contained  in  an  ore  classify  ac- 
cording to  their  specific  gravities,  the  heavier  mineral,  being  interrupted  in  it? 
flow  by  the  side  of  the  concentrating  top,  is  spread  out  in  a  well  defined  strip  by 
the  action  of  the  upper  skimmer,  the  next  heaviest  taking  its  place  beside  it,  etc. 
There  is  therefore  a  distinct  separation  of  all  the  minerals  should  there  be 
sufficient  variance  in  their  specific  gravity. 

To  obtain  the  best  results  the  ores  treated  should  be  below  2  mm.  and  should  be 
closely  sized,  say  through  a  20-mesh  screen  on  a  30-mesh,  through  30  on  40,  40 
on  60,  60  on  80,  80  on  120  and  120  on  250.  Of  course,  when  there  is  consider- 
able variance  between  the  mineral  and  gangue,  close  sizing  is  not  so  important. 
The  speed  of  the  machine  varies  from  350  revolutions  per  minute  in  the  case  of 
coarse  material  to  450  for  fine.  This  variation  in  speed  is  obtained  by  means  of 
cone  pulleys.  The  stroke  or  force  of  air  is  varied  by  the  length  of  eccentric  throw 
by  adjusting  the  eccentric  sleeves  before  described.  The  greater  the  throw  of  these 
eccentrics  the  stronger  the  air  blasts.  The  heavier  the  material  treated  the  heavier 
the  air  blast  required.  All  machines  are  now  supplied  with  an  adjusting  device 
by  means  of  which  the  throw  of  the  eccentrics  may  be  altered  at  will  without 
stopping  the  machine.  The  capacity  of  the  machine  varies  from  9  to  16  tons  per 
day  of  24  hours,  according  to  the  character  of  ore  treated,  and  the  horse  power 
required  varies  from  1^  to  2. 

When  the  ore  is  closely  sized,  it  is  claimed  to  separate  minerals  which  diff-^ 
only  one  point  in  specific  gravity  and  even  less.  A  test  of  a  fluorspar  ore  carrv- 
ine:  lead  and  67%  zinc  yielded  in  three  successive  tests  94%,  97%  and  91% 
extractions  respectively. 

The  old  Paddock  jigs  were  run  for  five  years  at  the  Frisco  mill,  Utah,  on  ore 
containing  limestone,  quartz,  dolomite,  heavy  spar,  galena,  silver,  etc.,  from  the 
Carbonate  mine,  treating  thirty  tons  per  day,  concentrating  four  into  one.  The 
ore  was  closely  sized  and  the  coarser  middlings  re-treated.  An  average  day's 
work  on  June  20,  1881,  is  given  in  Table  365  to  show  what  the  machines 
accomplished. 
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TABLB   365 

. — ^ABSAY 

OF  PADDOCK  JIG  PRODUCTS. 

Feed. 

Heads. 

Middlings. 

Tailings. 

aaooCFeed. 

LMd. 

SOtot. 
Os.  per  Tod 

Lead. 
Percent 

Silver. 
Oz.  per  Ton 

Lead. 
Percent 

Silyer. 
Oz.  per  Ton 

Lead. 
Percent 

Silver. 
Os.  per  Ton 

InerCoDli 

10  to  20  mesh 

14.8 
7.8 
8.0 

11.4 
0.0 

16.8 

88.66 
81.98 
85.06 
88.84 
88.78 
48.14 

28.0 
41.9 
83.8 
66.5 

48.4 
49.7 

60.60 
108.89 

8S.41 
186.20 
146.80 
160.70 

Trace. 

Trace. 

soto  as     "    

4.6 
4.7 

8.60 
15.80 

u 

asto  80     "    

0.68 

50U>  80      *•     

8.18 

80toll0      •*     

Trace. 

110  to  140      "     

»« 

Re-treating  Middlings. 


80  to  S6mesh 

...       4.6 

A.7 

8.60 
16.80 

27.0 
41.0 

78.03 
100.08 

Trace. 

Trace 

Kto  50      "     

0.87 

1      •  ■ 

John  Heard,  Jr.,  found  on  antimony  ore  through  24  on  60  mesh  that  the  fol- 
lowing adjustment  did  the  best  work:  strokes  per  minute^  540;  length  of  stroke, 


FIG.  478fl. — SECTION  OP  KROM's  PNEUMATIC  JIG. 


\  inch;  length  of  jig  bed,  30  inches;  amount  fed  por  hour,  1,460  pounds;  slope 
from  feed  end  to  discharge  end,  7°  ;  slopes  from  tailings  side  to  concentrates  sido, 
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2** ;  by  strict  attention  to  adjustments,  he  was  able  to  obtain  a  better  concentration 
than  had  been  made  in  the  wet  way  on  the  same  ore. 

The  machine  requires  not  only  that  a  constant  rate  of  feed  be  maintained  but 
that  the  per  cent,  of  concentrates  should  be  constant.  Otherwise  it  will  send  con- 
centrates into  the  tailings  or  tailings  into  the  concentrates  both  of  which  can 
be  averted  only  by  constant  watching  and  adjustment.  One  man  can  tend  six 
machines. 

The  modern  form  of  this  jig  is  used  successfully  to-day  for  graphite  and  garnet 
and  is  advocated  for  other  separations. 

§  608.  Krom's  Pneumatic  Jig.— (See  Figs.  478a,  4786  and  478c.)— This  ma- 
cfiine  consists  of  a  swinging  door  blower,  B,  with  check  valves  to  prevent  the  down- 
ward passage  of  air,  conveying  rapid  pulsations  of  air  into  the  tubes  f,  i  inch 
wide,  of  sieve  cloth,  through  the  sides  and  tops  of  which  it  is  discharged,  passing 
up  through  the  bed  0,  and  effecting  the  separation  between  the  heavy  mineral  and 
the  gangue.  These  gauze  tubes,  /,  are  open  at  the  end  to  the  blower  to  receive  the 
wind,  and  on  the  uhder  side  to  prevent  them  from  choking  with  fine  ore.  They  are 
placed  at  VV>  h  h  or  i  inch  apart,  according  to  the  grade  of  ore  treated, — ^the 
finer  the  nearer.  The  ore  is  fed  in  through  a  hopper,  H,  passing  under  the 
adjustable  gate,  0,  forming  a  jigging  bed,  0,  and  discharging  tailings  over  the 
adjustable  tail  toward  A.  The  concentrates,  which  completely  fill  the  hutch,  C, 
settle  slowlv  and  are  discharged  by  the  regulated  roller,  R.    The  swinging-door 


riG.  4786. — SECTION  of  ore 

BED    AND    SIEVE.  FIG.  478c. — PLAN  OF  SIEVE. 

blower  is  actuated  by  a  cam  on  the  shaft,  K,  with  six  projections  which  give  the 
downward  motion  through  an  arm  on  the  shaft,  I,  a  spring  which  gives  it  the 
quick  upward  pulsion,  and  an  adjustable  strap  which  limits  the  amoimt  of  pul- 
sion. Upon  the  cam  is  an  adjustable  crank  pin  which  serves  as  a  pivot  for  a 
pawl  acting  upon  a  ratchet  wheel  to  drive  the  discharge  roller,  R.  The  roller, 
therefore,  acts  in  concert  with  the  blower.  The  distance  the  ore  travels  from  the 
gate,  0,  to  the  tail,  A,  is  only  five  inches;  the  width  of  the  bed  is  4  feet  The 
machine  is  run  with  420  to  500  pulsions  per  minute.  It  treats  i  ton  per  hour, 
using  i  horse  power. 

It  appears  to  be  necessary,  according  to  theory,  to  size  the  feed  more  closely 
than  for  a  hydraulic  jig.  The  inventor  claims,  however,  that  tests  show  that  this 
is  not  true.  The  coarsest  size  claimed  as  capable  of  being  treated  by  this  machine 
is  6  mesh,  and  the  finest  size  is  140  mesh.  The  machines  are  run  in  practice  with 
two  successive  treatments,  iihe  roughers  and  the  finishers;  the  roughers  make  for 
clean  tailings  and  the  finishers  for  clean  headings. 

At  Star  Canon,  Nevada,  66,800  pounds  of  ore  from  the  DeSoto  mine,  assaying 
$72.24  per  ton  in  silver,  making  a  total  value  of  $2,412.81,  yielded  resiilts  shown 
in  Table  366. 

TABLE  366. — ^PRODUCTS  FROM  KROM  JIO  ON  DESOTO  ORE. 


Amount. 
Pounds. 

Value  per  Ton. 

Total  Value. 

No  1  mineral 

1.018 
1,098 
515 
11,906 
14,618 
2,620 

$722.71 
1,187.67 
1,904.54 

1,007.47 

1866.04 

648.40 

(a)  805.85 

888.88 

8,148.07 

1810.79 

No  2  mf  neral 

No  8  mineral 

DUBt 

Total  with  dust 

Total  without  dust 

(a)  There  is  a  sliicht  incmnsistency  in  the  values  on  this  line,  but  no  data  Is  ayailable  to 
68  not  affect  the  result  appreciably. 
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Where  the  dust  was  put  with  the  concentrates  the  extraction  was  89.05%.  If, 
however,  it  is  not,  the  extraction  is  only  64.70%.  It  is  clear  that  the  dust  could 
not  be  put  with  the  concentrates  except  when  it  was  rich. 

In  the  same  mill,  3,260  pounds  of  silver  ore  from  the  Seminole  mine,  assaying 
$4.84  per  ton^  making  a  total  value  of  $7.88^  yielded  products  as  shown  in  Table 
367. 

TABLE   367. — KROM   JIG  RESULTS  ON   SEMINOLE   ORE. 


Amount  of 
Product. 

Assay  per  Ton. 

Total  Value. 

Nal  mineral 

Pounds. 
65 

49 

•    48 

158 

189.88 
86.87 

135  10 
88.11 

10.88    . 
8.19 
8.84 
8.84 

No.9mineral 

No.  8  mineral 

Total  wltlioat  duat 

The  extraction  was  79%.  In  this  case  the  dust  was  probably  of  little  value,  and 
where  that  is  true  the  objection  stated  below  does  not  hold. 

According  to  John  Heard,  Jr.,  the  capacity  of  a  single  jig  is  about  300  pounds 
per  hour,  not  including  dust,  which  amounted  to  17%. 

The  disadvantages  under  which  this  machine  appears  to  labor  are  that  it  has 
no  power  of  self-regulation,  and  it  provides  no  means  of  treating  dust.  The  lack 
of  self-regulation  causes  the  machine,  if  fed  more  rapidly  than  normal,  to  lose 
concentrates  in  the  tailings  and  if  fed  less  rapidly,  to  contaminate  the  concen- 
trates with  the  tailings.  And  again,  if  the  feed  be  regular  in  quantity,  but  the 
percentage  of  concentrates  variable,  then  the  rise  in  percentage  will  enrich 
the  tailings  and  the  fall  will  contaminate  the  heads.  It  misses  the  epproximate 
self-regulation  which  is  true  of  hydraulic  jigs,  which  tides  them  over  the  times 
between  the  visits  of  the  attendant.  The  machine's  strongest  claim  is  that  it  is 
suited  to  a  dry  climate  where  water  cannot  be  obtained. 

§  609.  Dby  Blanket. — ^A  primitive  method  of  winnowing  and  concentrating 
ore  dry  upon  a  blanket,  exists  in  some  parts  of  Mexico.  Two  men  roll  and  toss  the 
finely  broken  ore  in  a  blanket,  exposing  it  to  the  action  of  the  wind.  The  finest 
portion  is  blown  away ;  the  rich  portions  of  horn  silver  and  metallic  gold  become 
entangled  in  the  hair  of  the  blanket,  while  the  poorer  part  is  turned  ofiP. 

Dry  Panning. — ^A  method  of  dry  panning  combined  with  hand  picking,  win- 
nowing and  blowing  with  the  mouth,  is  used  in  the  placer  gold  fields  of  Western 
Australia.  "• 

§  610.  Advantages  of  Air  as  Compared  with  Water. — The  chief  claim  for 
favor  is  in  the  ready  accessibility  of  a  medium  of  separation,  without  the  cost  of 
pumping,  especially  in  dry  climates.  It  also  gives  no  trouble  from  freezing  in  cold 
weather,  has  no  harmful  chemical  action  on  the  products,  and  its  products  are  drv 
and  ready  to  ship.  Where  the  rich  mineral  is  of  very  high  value  and  also  soft 
and  brittle,  as  in  tellurides,  gray  copper  and  other  ores,  it  is  easy  to  draw  off  and 
settle  dust,  rich  enough  to  ship,  by  the  dust  chamber.  This  may  giv^  a  greater 
saving  than  the  wet  method,  whicH  has  greater  losses  in  tailings  and  greater  diffi- 
culty in  settling  fine  slimes.  The  greasy  flotation,  which  causes  some  loss  and 
much  trouble  with  the  water  treatment,  does  not  occur  with  air.  The  cohesion 
between  mineral  particles  and  the  medium  is  less  in  the  case  of  air  than  in  water. 
The  enveloping  film  (see  §  359),  is  probably  thinner  and  more  easily  brushed 
away.  This  is  an  advantage  only  in  settling  finer  particles.  The  lightness  of 
the  air  admits  of  a  higher  number  of  pulsions  per  minute  than  with  water,  and 
this  has  to  be  taken  advantage  of  in  order  to  bring  up  the  capacity  to  that  of  a 
hydraulic  jig,  working  upon  similar  material. 

§611.  Disadvantages  of  Air  as  Compared  with  Water. — Air  and  water 
may  be  said  to  be  between  the  extremes,  namely,  a  vacuum  where  density  equals  0, 
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in  which  quartz  and  galena  settle  at  the  same  rate,  at  one  end  of  the  series^  and  a 
heavy  solution  of  the  same  specific  gravity  as  quartz,  in  which  the  quartz  will  fail 
to  settle  at  all,  at  the  other  end.  The  proportional  rates  of  settling  are  ex- 
pressed by  Table  368.  They  are  calculated  according  to  Rittinger^s  formula  for 
rates  of  settling  in  mediums  of  different  densities,  which  is  the  best  formula 
known  to-day  for  larger  sizes  of  grain,  and  gives  results  sufficiently  accurate  for 
this  purpose. 

TABLE  368. — RATES  OF  SETTLING  IN  DIFFERENT  MEDIUMS. 


Density  of  Medium. 

Proportional  Velociiies  of  Settling:  of 
Particles  ol  Equal  Diameter. 

•    Quarts. 

Galena. 

0          (▼iicuuni ) ....................... 

1 
1 
1 
0 

1 

2.88 

4.06 

Infinity. 

0 .  001 26  (air) 

1           (water) 

8.87      (heavy  solution) 

It  will  be  further  noticed  that  the  figures  in  the  galena  column  of  Table  368 
are  also  the  free  settling  ratios  (see  §  356)  between  the  diameters  of  galena  and 
quartz  particles  which  are  equal  settling  in  the  different  mediums.  The  separa- 
tion in  the  heavy  solution  is  obviously  very  easy,  while  in  vacuum  no  separation 
takes  place.  The  settling  ratio  of  quartz  and  galena  in  water,  which  is  nearer  to 
the  heavy  solution,  is  much  more  favorable  than  in  air,  which  is  further  removed. 

Owing  to  the  higher  friction  of  particles  settling  in  water  and  also  the  higher 
specific  gravity  of  water,  which  gives  greater  buoyancy,  the  volocity  of  current 
need  not  be  so  great  as  with  air.  In  other  words  the  effect  of  density  in  water  is 
equivalent  to  the  effect  of  velocity  in  air. 

In  water  concentration  graded  crushing  is  advantageous,  since  the  coarser 
sizes  and  the  dust  are  easily  treated ;  the  reverse  is  true  in  the  use  of  air,  which 
cannot  be  used  with  coarse  sizes,  and  the  fine  crushing  makes  much  dust  which 
cannot  be  as  well  treated  as  by  water. 

With  water,  the  film  surface  treatment  is  a  natural  method  of  separation. 
With  air,  it  is  a  difficult  method  and  hard  to  control ;  in  fact,  only  one  machine 
using  this  idea  is  known  to  the  author. 

Water  disintegrates  clayey  matter  and  dissolves  soluble  salts,  freeing  the  par- 
ticles cemented  by  them.  In  both  cases  the  particles  are  left  free  for  individual 
treatment.     Air  effects  neither  of  these  results. 

Air  requires  that  the  whole  batch  should  be  made  perfectly  dry  at  the  start, 
which  may  be  a  costly  operation.  Water  concentration  at  most  requires  only  that 
the  concentrates  should  be  dried  preparatory  to  shipping  them. 

Fine,  dry  particles  adhere  to  coarser  grains  more  or  less  and  may  contaminate 
the  waste  product  with  rich  mineral  or  lower  the  value  of  the  concentrates  with 
poor  mineral.  This  adhesion  may  or  may  not  be  caused  by  electricity.  Season- 
ing from  what  takes  place  in  some  of  the  manufactories,  analogy  would  seem  to 
point  to  it  as  the  cause.  In  the  case  of  coal  there  are  several  records  of  cases 
where  the  dry  method,  by  blowing  air,  gave  less  adhering  dust  than  the  water 
concentration. 

Since  air  jigs  are  all  pulsion  jigs,  not  using  suction  at  all,  and  since  the  diam- 
eter ratio  for  quartz  and  galena,  for  example,  when  settling  freely  in  air,  is  less 
than  in  water,  it  follows  that  the  feed  to  air  jigs  should  be  more  closely  sized  than 
for  hydraulic  jigs,  and  this  sizing  will  of  necossity  roach  much  finer  sizes.  It 
spoms  to  the  author  that  the  work  of  the  air  jig  is  crippled,  when  compared  with 
the  hydraulic  jig,  by  the  lack  of  its  ability  to  use  suction.  A  probable  reason  for 
the  absence  of  suction  is  the  greater  clearance  loss  between  pulsion  and  sue- 
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tion  in  air^  which  is  due  to  the  elasticity  of  the  air,  and  which  does  not  exist  in 
water. 

Since  air  diffuses,  while  water  seeks  its  own  level,  the  air  is  robbed  of  one  of 
the  principles  which  helps  the  hydraulic  jig  to  be  self-regulating.  Since  a  hy- 
draulic jig  can  have  upon  its  sieve  a  bed  of  mineral  which  permits  grains  that 
rightly  belong  in  the  hutch  to  go  there,  and  causes  grains  that  belong  in  the 
tailings  to  be  held  up  and  sent  there,  while  the  air  jig  cannot  have  a  bed  acting  in 
that  way,  the  air  jig  loses  a  second  important  means  of  being  made  self-regu- 
lating. 

Separation  by  Centrifugal  Force. 

§  612.  Centrifugal  force  attracts  the  attention  of  the  ore  dresser  along  several 
different  lines. 

The  formuke  for  centrifugal  force*  are 


F  =  . 


g  R 
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where  F  =  centrifugal  force  in-  pounds,  W  =  weight  in  pounds,  V  =z  peripheral 
velocity  in  feet  per  second,  g  =  32.2,  R  =  radius  in  feet,  and  N  =  revolutions 
per  minute. 

The  formulaB  given  by  Rittinger'"  depend  upon  a  function  which  he  himself 
showed  was  less  reliable  for  small  particles  than  for  large.  The  author,  under 
free  settling,  has  shown  that  the  computed  velocity  varies  greatly  from  the  ob- 
served velocity.  Centrifugal  force  appears  to  be  adapted  only  for  use  with  very 
fine  sizes,  where  the  computation  errors  would  be  very  large.  On  these  accounts 
the  author  has  not  reproduced  the  formulae  developed  by  Rittinger. 

If  water  in  a  cylinder  be  rotated  rapidly  around  the  axis  of  the  cylinder,  fall- 
ing particles  of  mineral  matter  will  be  thrown  toward  the  walls  by  centrifugal 
force.  Of  two  particles  of  the  same  size  but  of  different  specific  gravity  the 
heavier  will  move  more  rapidly  toward  the  wall;  of  two  particles  of  the  same 
specific  gravity  but  of  different  diameters  the  larger  will  move  more  rapidly  to- 
ward the  wall.  The  following  idea  which  may  offer  suggestion  in  some  design  it^ 
added  here :  under  ordinary  conditions  a  cubic  centimeter  of  water  weighs  1  gram, 
a  cubic  centimeter  of  quartz  2.65  grams,  and  of  copper  8.2  grams.  The  cubic  cen- 
timeter of  copper  therefore  weighs  5.55  grams  more  than  that  of  quartz.  If  these 
substances  were  all  put  in  a  centrifugal  machine  and  re- 
volved with  sufficient  force  to  make  the  cubic  centimeter  of 
water  have  a  virtual  weight  of  100  grams,  then  the  quartz 
would  weigh  265  grams  and  the  copper  820  grams,  or  the 
copper  would  now  weigh  555  grams  more  than  the  quartz. 
The  author  thinks  that  as  the  ratios  are  all  maintained  the 
conditions  of  separation  remain  not  greatly  changed  from 
free  settling  conditions. 

The  application  which  seems  most  attractive  for  ore 
separation  is  that  of  the  cream  separator,  and  a  good  ex- 
ample is  the  *'Alpha"  DeLaval  Cream   Separator   (Fig. 
479).     A  little  bottle-shaped  cylinder  about  9  inches  in  ^0,  479.-OENTRIP- 
diameter  revolves  upon  a  vertical  axis    at    high    speed       uoal  separator. 
(6,000  revolutions  per  minute  more  or  loss).     The  neck  a  of  the  bottle  is  per- 
haps one-qnarter  tho  fliametor  of  the  bottle.     The  milk  is  fed  by  a  central  tube, 
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h,  in  a  vertical  stream  which  impinges  on  the  bottom  of  the  bottle  and  is  instantly 
thrown  to  the  circumference,  assuming  the  shape  of  a  hollow  cylinder  with  an 
almost  vertical  inner  wall.  As  more  milk  is  fed  the  hollow  central  space  nar- 
rows until  it  is  coincident  with  the  inside  of  the  neck  of  the  bottle;  further 
feeding  of  milk  causes  an  overflow  all  around  at  the  mouth.  The  centrifugal 
force  separates  the  heavy  part  (milk)  from  the  light  part  (cream)  ;  the  latter 
rises  or  seeks  the  center,  the  former  settles  or  seeks  the  circumference.  It  fol- 
lows that  the  cream  overflows  at  the  nozzle,  c,  while  the  milk  flows  out  through 
the  little  tubes,  dd.  The  perforated,  conical  diaphragms,  ee,  serve  to  keep  the 
particles  in  their  respective  radial  positions,  preventing  the  remixing  of  the 
already  separated  fluids. 

So  perfectly  does  this  principle  work  for  liquids  that  it  has  become  the  standard 
method  of  separation  of  cream  from  milk  for  creameries  and  dairies.  There  are, 
however,  two  features  which  must  be  reckoned  with  in  the  design  of  machines 
for  ore  separation:  (1)  It  can  at  most  act  only  as  a  method  of  settling  particles 
from  water,  and  is  probably  identical  in  behavior  with  free  settling  conditions, 
differing  only  from  that  method  in  the  extreme  rapidity  of  its  action;  (2)  the 
heavier  particles  thrown  to  the  circumference  immediately  form  a  hard  cake, 
which  cannot  flow  and  discharge  like  the  milk  but  must  be  removed  in  some  way. 
These  features  are  the  chief  reasons  for  the  difliculty  which  has  been  experienced 
in  adapting  centrifugal  force  to  the  concentration  of  ores. 

The  Peck  Centrifugal  Concentrator*^®  is  a  slightly  conical  drum  revolving 
on  a  horizontal  axis.  It  is  8  feet  long,  33  inches  in  diameter  at  the  small  end  and 
40  inches  at  the  large  end.  Within  this  is  a  drum  of  a  little  smaller  diameter 
than  the  outer  one.  The  outside  drum  is  run  at  a  speed  of  600  to  800  revolutions 
a  minute,  and  fine  pulp  fed  at  the  small  end  is  thrown  against  the  walls  by  cen- 
trifugal force.  This  force  causes  the  heavy  minerals,  for  example  pyrite,  to 
cling  to  the  cylinder,  while  the  flow  of  water  carries  out  the  lighter  minerals,  for 
example  quartz,  at  the  discharge  end  of  the  drum.  As  the  layer  of  concentrates 
increases,  the  wooden  drum  is  automatically  withdrawn,  keeping  a  distance  of 
about  f  inch  between  it  and  the  newly  formed  bed  of  concentrates*  The  ma- 
chine becomes  charged  with  concentrates  after  running  from  5  to  18  minutes, 
depending  on  the  ore.  The  feed  is  then  stopped,  the  speed  of  the  machine  is 
reduced  to  200  revolutions  a  minute,  and  clear  water  is  introduced  to  wash  out 
the  concentrates,  which  takes  2  to  3  minutes.  The  machine  requires  much 
power,  and  must  be  fed  with  pulp  of  an  exact  consistency.  It  is  intended  for 
very  fine  pulp,  on  which  it  is  said  to  do  successful  work,  but  it  is  not  adapted  to 
ore  coarser  than  about  80-mesh. 

The  Pape-Hbnnebero  and  Clarkson-Stanfield  Machines  (see  §  605  and 
§  606)  use  centrifugal  force  upon  dry  sand  to  throw  the  particles  in  a  horizontal 
direction,  to  make  a  separation  based  on  the  different  trajectories  of  grains  of 
higher  and  of  lower  specific  gravity.  Centrifugal  force,  as  such,  plays  no  special 
part  beyond  that  indicated  above. 

Woodworking  shops  use  exhaust  fans  to  draw  away  dust  from  their  machines 
and  from  sweepings,  and  a  conical  spiral  centrifugal  separator  to  separate  the 
chips  and  dust  from  the  air,  which  is  discharged  comparatively  free  from  dust. 
It  is  possible  that  this  fan  and  centrifugal  dust  settler  may  be  worked  into  some 
of  the  problems  of  ore  dressing ;  also  that  in  the  same  connection  the  use  of  static 
electricity  of  high  potential  to  clot  the  dust  particles  together  after  the  manner 
of  snowflakes  may  be  available. 

Roasting  for  Porosity. 

§613.  Certain  minerals,  such  as  pyrite,  become  porous  by  roasting.  Their 
virtual  specific  gravity  (that  is,  the  specific  gravity  of  the  porous  mass)  is  thereby 
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decreased  sufBciently  for  separations  previously  impossible.  The  two  most 
common  examples  are  the  separation  of  arsenopyrite  and  pyrite  from  cassiterite, 
and  the  separation  of  pyrite  from  blende.  In  the  Cornish  tin  concentration 
works,  the  concentrates,  consisting  of  cassiterite,  arsenopyrite,  pyrite  and  wolfram- 
ite, are  roasted  in  revolving  furnaces  to  change  the  dense  sulphides  into  the  light 
and  porous  oxides,  which  are  then  washed  away.*"  "<*  **®  Formerly,  the  remain- 
ing heavy  product  (cassiterite  and  wolframite)  was  then  roasted  with  sodium 
carbonate  or  sulphate  (on  an  iron  hearth)  to  decompose  the  wolframite;  the 
sintcfred  mass  was  leached  with  water  to  remove  the  soluble  sodium  tungstate, 
once  more  the  residue  washed  for  the  removal  of  the  porous  oxides  of  iron  and 
manganese  that  result  from  the  decomposition  of  the  wolframite,  thus  com- 
pleting the  mechanical  purification  of  the  cassiterite.  This  last  process,  however, 
has  been  given  up  on  account  of  the  cost.  Moreover,  of  late  years,  wolframite 
has  become  less  abundant  in  tin  ores,  and  when  it  does  occur,  it  is  hand  picked  as 
far  as  possible. 

At  Ammeberg,  Sweden,  in  the  works  of  the  Vieille  Montague  Company,*** 
(see  §  674),  coarse  ore,  containing  pyrite  and  blende,  is  roasted  in  kilns  at  a  tem- 
perature that  bums  the  pyrite  to  the  light,  porous  oxide  of  iron,  but  leaves  the 
blende  unchanged.  This  iron  oxide  is  easily  washed  away  from  the  more  dense 
and  heavy  blende ;  whereas  the  separation  of  pyrite  and  blende  is  very  difficult. 
At  the  works  of  the  Wisconsin  Lead  and  Zinc  Company,  Blake  ***  designed,  for 
this  purpose,  a  rotating  step-hearth  reverberatory  furnace  in  which  the  control  ef 
lieat  and  the  avoidance  of  sintering  is  more  perfect  than  in  the  kiln. 

Heating  for  Decrepitation. 

§  614.  Certain  crystallized  minerals,  such  as  calcite,  barite  and  fluorite,  decrep- 
itate (lly  to  pieces)  to  a  remarkable  extent  when  heated,  while  other  minerals 
(especially  the  amorphous  varieties)  do  not  have  this  property.  Consequently, 
careful  heating  in  connection  with  screening  may  serve  to  make  a  separation  of 
minerals  whose  specific  gravities  are  so  near  each  other  as  to  render  separation  in 
the  ordinary  way  difficult  or  impossible.  Even  crystalline  barite  and  blende  have 
been  separated,  the  barite  decrepitating  at  a  lower  temperature  than  blende.  For 
the  application  of  this  principle,  Heusschen***  has  designed  a  furnace  in  which 
an  inclined  metallic  hearth,  suspended  from  above,  is  heated  beneath  by  the  hot 
gases  from  a  grate  fire.  Ore  is  regularly  fed  upon  the  upper  end  of  the  hearth, 
and  is  moved  forward  by  means  of  a  shaking  motion  imparted  to  the  hearth  by  a 
cam.  When  a  mixture  of  barite  and  blende  from  wet  concentration,  sized 
through  a  3-mm.  and  on  a  1-mm.  screen,  was  heated  in  this  furnace  the  barite 
decrepitated  but  not  the  blende.  The  two  minerals  were  then  separated  by 
screening,  the  blende  remaining  on  the  screen  and  the  barite  going  through.  In 
24  hours  one  furnace  treated  1,526  kilos,  assaying  34%  zinc;  and  the  concen- 
trates weighed  1,106  kilos,  assaying  48%  zinc,  while  the  rejected  barite  carried 
only  2%  zinc.  The  percentage  of  barite  in  the  concentrates  is  not 
stated.  With  a  mixture  of  blende  and  siderite  heated  to  500° C.  the  siderite 
(FeCOj,)  was  changed  to  oxide  of  iron  without  decrepitating,  while  the  blende 
decrepitated;  and  a  separation  was  then  made  by  screening,  the  percentage  of 
zinc  being  raised  from  39%  to  60%.  A  mixture  of  blende  and  p3rrite  gave  sim- 
ilar results. 

In  other  tests,**^  in  which  100-pound  lots  of  ore,  sized  through  5  on  3  mm., 
were  heated  in  covered  cast  iron  pans,  with  occasional  stirring,  a  good  separation 
wa?  made  between  barite  and  gray  copper.  The  original  ore  contained  75  to 
80%  barite  and  4  to  5.5%  copper,  while  the  concentrates,  which  weighed  from 
20  to  22%  as  much  as  the  original  ore,  contained  from  20  to  20.5%  copper. 
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Disintegrating  Followed  by  Screening. 

§  615.  Ores  may-  contain  minerals  of  such  different  friability  that  a  fair  sep- 
aration can  be  made  by  careful  crushing  in  connection  with  screening.  At  Lin- 
torf,  Prussia^  a  mixture  of  blende  and  pyrite  between  10  mm.  and  6  mm.  in  size 
was  fed  to  a  Vapart  disintegrator  (§  244)  run  at  300  revolutions  a  minute. 
This  reduced  the  blende  much  more  than  the  pyrite,  so  that  about  80%  of  the 
former  was  separated  by  screening.  The  oversize  of  the  screen  was  sent  a  sec- 
ond time  to  a  disintegrator  run  at  325  revolutions  a  minute,  after  which  practi- 
cally all  the  remaining  blende  was  screened  out.  The  feed  to  the  disintegrator 
carried  less  than  35%  zinc,  and  the  concentrates  contained  50  to  55%  zinc, 
while  the  pyrite  tailings  contained  zinc  only  in  included  grains.*"  Wlien  ore 
through  25  on  20  mm.  was  fed  to  a  disintegrator  run  at  400  revolutions  a  minute, 
the  blende  was  reduced  to  3  mm.  and  finer  while  the  pyrite  was  but  little  broken. 

At  Chuquicamata,  about  140  miles  from  Antofagasta,  Chili,  is  a  large  deposit 
of  porphyry  in  various  stages  of  decomposition,  which  contains  atacamite  and  a 
little  copper  sulphate.  The  ore  breaks  up  a  good  deal  in  handling,  and  the 
method  of  treatment  consists  simply  of  screening  it  in  two  trommels,  the  first 
being  about  12  or  15  mesh  and  the  second  about  6  mesh.  Stuff  below  6  mesh 
is  concentrates;  the  remainder  is  rejected.  The  ore  averages  about  3  or  4% 
copper,  the  concentrates  about  12  to  16%  copper,  and  the  middle  size  (through 
12  or  15  mesh  on  6  mesh)  probably  about  8  to  12%  copper.  The  concentrates 
amount  to  only  8  or  10%  of  the  ore  by  weight,  and  therefore  they  do  not  contain 
more  than  33  to  40%  of  the  total  copper. 


Disintegrating  Followed  by  Settling  or  Elutriation. 

.  This  method,  which  is  applied  to  graphite,  corundum  and  clay,  is  discussed  in 
§  784,  §  785  and  §  786. 

Weathering. 

§  616.  Some  rocks  disintegrate  quite  rapidly  on  exposure  to  the  weather,  not- 
ably those  of  a  clayey  or  marly  character,  and  certain  altered  volcanic  rocks. 
Frequent  frosts  and  either  the  absorption  or  evaporation  of  water  are  especially 
active  causes  of  this  weathering.  Two  instances  may  be  noted  in  which  advan- 
tage is  taken  of  this  fact  for  the  purpose  of  concentration.  The  *T)lue  ground" 
in  which  are  found  the  diamonds  of  Kimberley,  South  Africa,  is  an  altenni 
peridotite.  After  mining,  it  is  spread  out  about  10  inches  deep  on  immense 
"floors,^'  which  are  simply  open  ground  cleared  of  grass,  brush  and  loose 
stones.*"  The  first  treatment  consists  in  running  harrows  back  and  forth 
between  two  traction  engines  placed  several  hundred  yards  apart.  Most  of  the 
lumps,  which  at  first  are  compact,  gradually  disintegrate  and  fall  to  pieces. 
\fter  a  certain  period  the  mo^t  refractory  lumps  are  collected  and  taken  to  the 
Iressing  works  to  be  crushed,  sized,  jigged,  etc.  What  remains  on  fhe  floors 
is  then  harrowed  again,  and,  if  there  has  not  been  enough  rain,  the  rock  is  wetted 
by  hose,  there  being  a  ('omf)leto  system  of  pipes  for  this  purpose.  After  another 
period  of  weathering  the  rock  is  shipped  to  the  dressing  works.  The  time 
required  to  weather  the  rock  varies  from  three  months  to  a  year  or  more,  depend- 
ing on  the  season  and  on  the  mine  from  which  it  comes.  Attempts  have  been 
made  to  treat  the  %lue"  by  direct  crushing  without  weathering,  but  it  was  found 
that  some  of  the  diamonds  were  broken  in  passing  through  the  rolls  and  the  losses 
in  the  tailings  were  high.^" 
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Near  Meronitz,  Bohemia,  there  is  a  bed  of  garnet-bearing  argillaceous  con- 
glomerate which  disintegrates  so  much  by  three  months'  exposure  to  the  weather 
that  it  can  be  washed  to  obtain  the  garnets  without  having  to  be  crushed.  The 
chief  cause  of  decomposition  in  this  case  is  the  rapid  oxidation  of  pyrite  in  the 
form  of  small  fossils  abundantly  distributed  through  the  rock.^^^ 

Adhesion^. 

§  617.  At  the  De  Beers  Diamond  Dressing  Works,  in  South  Africa,  Kirsten 
and  Ijabram"*  have  devised  a  special  method  to  extract  the  diamonds  from  the 
final  jig  concentrates  (of  which  the  diamonds  constitute  about  2%).  The  ma- 
chine used  is  a  light  side-shaking  table,  covered  with  a  particular  kind  of 
grease,  to  which  the  diamonds  adhere  while  all  the  other  minerals  are  washed 
into  the  discharge.  When  the  grease  is  removed  and  melted  the  diamonds  sink 
to  the  bottom  of  the  vessel.  In  the  first  test  of  the  table,  made  with  the  finest 
sand  size  (through  J-  on^^'i^^^  round  holes),  out  of  6,601  carats  of  diamonds 
contained  in  the  lot  treated,  only  111  carats  (or  1.68%)  went  into  the  tailings. 
In  the  second  test,  with  material  from  |  to  ^  inch  in  size,  out  of  19,031  carats  of 
contained  diamonds  only  40.25  carats  (or  0.21%)  went  into  the  tailings.  This 
method  is  intended  to  displace  hand  picking. 

Adhesion  also  serves  to  catch  and  retain  gold  upon  amalgamated  plates.  This 
jjubject  is  treated  in  Chapter  XVII. 

The  Elmore  Process.* — If  the  pulp  which  has  passed  through  a  30-mesh 
screen  be  agitated  with  a  layer  of  oil  so  as  not  greatly  to  disturb  the  latter,  the 
oil,  having  an  adhesive  aflBnity  for  many  bright  metallic  particles,  sulphides  and 
certain  other  materials,  wets  them  and  holds  them  up  in  the  oil  layer  while  the 
jjuartz  and  other  rock  grains  are  not  wetted  by  the  oil  and  remain  in  the  water 
layer  beneath.     The  oil  should  not  be  shaken  to  an  emulsion  with  the  water. 

The  materials  adapted  to  being  saved  by  oil  include  metallic  gold,  silver  and 
chopper,  copper  and  iron  pyrites,  bornite  and  gray  copper,  brittle  and  ruby  silver, 
tollurides,  cinnabar,  stibnite,  galena,  molybdenite,  graphite  and  sulphur.  Spe- 
cific gravity  does  not  directly  aflfect  the  separation  as  copper  pyrites  may  be  sep- 
arated from  magnetite  and  heavy  spar  and  probably  also  from  zinc  blende  by  oil, 
as  also  bornite  from  garnet.  These  separations  are  practically  impossible  by 
water. 

The  oil  preferred  is  residuum  (0.89  specific  gravity)  after  distilling  the 
lighter  burning  and  lubricating  oils  from  crude  petroleum.  The  temperature 
preferred  for  the  treatment  is  54°  to  57 °F.  If  the  oil  is  too  thin,  it  can  be 
thickened  by  mineral  butter  and  if  too  thick,  it  can  be  thinned  by  lighter  oil. 
The  viscosity  is  all  important ;  the  thinner  the  oil  the  less  is  its  power  to  catch 
and  hold  the  concentrates.  Theoretically,  the  oil  can  float  only  10%  of  its 
weisrht  of  chalcopyrite,  but  practically  it  is  found  to  lift  20  to  28%  owing  to  air 
bubbles  or  other  cause.  The  quantity  of  oil  used  on  an  ore  containing  7% 
sulphides  is  about  equal  to  the  weight  of  the  ore;  an  increase  of  concentrates, 
however,  requires  an  increase  of  oil  to  float  it.  The  recovery  is  so  complete, 
however,  that  only  1 J  to  2 J  gallons  of  oil  per  ton  of  ore  treated  are  finally  lost. 
This  win  be  increased  if  the  percent,  of  concentrates  is  high.  The  lowest  quo- 
tation of  cost  of  the  oil  is  2  to  5  cents  per  gallon,  the  highest  17  cents  per  gallon. 

The  details  of  the  process  are  as  follows :  The  pulp,  after  bring  crushed  to  30 
mesh,  is  fed  to  a  mixer,  with  about  5  tons  of  water  per  ton  of  dry  sand,  and  oil 
is  fed  a  little  way  in  from  the  receiving  end  at  a  point  found  by  practice.  The 
mixer  is  a  revolving  horizontal  drum  with  a  helical  rib  running  from  emd  to  end 

•hkMi.  JflK.  and  Met.,  Vol  Vm.  JIWOX  p.  879.  C.  M.  Rolker.    Min.  hid..  Vol.  IX.,  (1901),  p.  777.  W.  McDermott 
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acting  as  a  conveyor.  Between  the  coils  are  placed  low  lengthwise  blades  which 
lift  the  pulp  to  fclie  surface  and  bring  it  in  contact  with  the  oil  layer  giving  goixi 
exposure  of  the  values  to  the  adhesive  power  of  the  oil.  The  delivery  end  of 
the  mixer  has  an  annular  disc  with  perforations  to  prevent  the  discharge  from 
being  too  rapid.  The  oil  with  its  catch  is  separated  from  the  pulp  by  a  settling 
box.  The  pulp  goes  to  a  second  mixer  and  again,  if  necessary,  to  a  third.  The 
concentrates,  laden  with  oil  from  the  three  mixers,  go  to  the  first  centrifugal 
hydro-extractor  with  an  annular  disc  top  and  solid  sides,  revolving  800  times  per 
minute.  It  is  charged  with  water  which  stands  as  a  vertical  wall  when  the  oil 
and  concentrates  are  fed  into  it.  The  oil  floats  on  the  water  and  overflows  the 
annular  disc  lip  while  the  concentrates  are  thrown  out  through  tlie  water  form- 
ing a  band  all  around.  The  machine,  when  charged,  is  stopped  and  the  concen- 
trates are  run  into  a  second  smaller  centrifugal  hydro-extractor  with  perforated 
revolving  basket;  the  concentrates  remain  in  this  and  the  water  and  oil  are 
thrown  out  through  the  perforations.  The  concentrates  are  ready  for  market; 
the  oil  goes  to  settling  store  tanks  to  be  used  over ;  water  is  drawn  off  from  the 
bottom  of  these  tanks  from  time  to  time.  The  small  amount  of  oil  left  in  the  con- 
centrates does  not  injure  them  for  smelting  purposes. 

The  cost  is  that  of  crushing  to  30  mesh  with  the  cost  of  oil  lost  and  the  run- 
ning of  mixers  and  centrifugal  machines. 

The  advantages  are:  it  has  a  smaller  consumption  of  water  than  the  wet 
methods;  it  yields  cleaner  heads  and  tailings  than  most  wet  processes;  it  sepa- 
rates some  ores  that  cannot  be  otherwise  separated.  The  disadvantages  are: 
it  requires  careful  adjustment  of  the  quality  of  oil  which  will  vary  some- 
what with  the  temperature,  of  the  quantity  of  oil  and  water,  of  the  distance  into 
the  mixer  to  feed  the  oil.  Oxidized  or  tarnished  ore  or  tailings  will  require  to 
be  rebroken  to  expose  fresh,  bright  surfaces  before  treatment  with  oil. 

A  comparison  of  jigs  and  vanners  on  52,000  tons  with  the  Elmore  process,  on 
706  tons  of  ore  treated  at  the  Glasdir  mine,  Wales,  (see  §  781),  showed  figures 
as  follows: 


Average  assay  value  of  ore  treated,  per  ton . . . . 

Average  percent  copper  in  oonoentrates 

Average  ounces  silver  per  ton  concentrates .... 

Average  ounces  gold  per  ton  concentrates 

Average  assay  value  of  a  ton  of  concentrates  . . 
Average  ansay  value  recovered  per  ton  treated 
Average  percentage  value  recovered 


Jigs  and  Vanners. 

Simon  Process. 

£1.18.0 

£1.18.0 

4.771 

10.00 

8.887 

S.Oi 

0.506 

0.86 

£4.16.7 

£12.16.0 

£0.  4.7 

£1.10.9 

14.6 

80.9 
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for  removing  dust  from  coal  at  the  Zollverein  mine. 

214.  Ibid.,  Vol.  XLII.,  (1894),  p.  235.    Description  of  Hochstedt  air  blast  apparatus  for  re- 

moving dust  from  coal  at  the  Rheinpreussen  colliery. 

215.  Zeit.  Ver.  Deut.  Ing.,  Vol.  XXXIV.,  (1890),  p.  1236.     L.  Stuhl.    Description  of  two 

forms  of  continuous  air  blast  machines  and  the  Mumford  &  Moodie  centrifugal  ma- 
chine. 

216.  Omitted. 

BiBLIOOBAPHT  FOB  MUTOR  PROCESSES. 

217.  Phillips,  J.  A.,  (1887),  "Metallurgy,"  p.  475.     Roasting  tin  ore  to  remove  arseno- 

pyrite,  pyrite  and  wolframite. 

218.  Rittinger,  P.  R.  von.,   (1867),  "Aufbereitungskunde,"  p.  464.    Discusses  centrifugal 

force  as  a  method  of  separation. 

219.  Schnabel,  Carl,  (1896),  "Handbuch  der  Metallhattenkunde,"  Vol.  II.,  p.  398.     (Also 

Louis,  English  translation,  1898,  Vol.  II.,  p.  381).  Roasting  tin  ore  for  friability, 
and  to  remove  arsenopyrite,  pyrite  and  wolframite. 

220.  Am.  Inst.  Min.  Eng.,  Vol.  XXI.,  (1892-1893),  p.  250.    R.  W.  Raymond.     Weathering 

at  Meronitz,  Bohemia. 

221.  Ibid.,  Vol.  XXII.,  (1893),  p.  569.    William  P.  Blake.    Roasting  to  oxidize  the  pyrite 

in  a  blende  ore,  with  subsequent  jig^in^.     Illustrated. 

222.  Ibid.,  Vol.  XXIV.,  (1894),  p.  490.     P.  G.  Lidner.    Roasting  blende  ore  to  make  quartz 

friable,  and  to  oxidize  pyrite  for  subsequent  jigging. 

223.  Berg.  u.  Butt.  Zeit,,  Vol.  XL.,   (1881),  p.  294;  Vol.  XLL,   (1882),  p.  163,  and  Vol. 

XLII.,  (1883),  p.  68.  Editor.  Separating  blende  and  pyrite  by  disintegrating  and 
screening. 

224.  CoZ.  Rep.,  Vol.  XIII.,  (1895-1896),  p.  643.    Preparation  of  hematite  paint  at  the  In- 

dian Metallic  Red  Paint  mine. 

225.  Cassier*s  Mag.,  Vol.  XIV.,  (1898),  p.  383.    Thomas  H.  Leggett.    Weathering  of  dia- 

mond bearing  rock  at  Kimberley,  l^uth  Africa,  p.  390.  The  use  of  a  greased  surface 
ho  separate  diamonds  from  other  minerals. 

226.  Comptes  Rendus  8oc.  Ind.  Min.,   (1894),  p.  98.     Ichon.  Roasting  for  decrepitation 

followed  by  screening.     Results.     Illustrated  description  of  the  Heusschen  furnace. 

227.  Eng.  and  Min.  Jour.,  Vol.  XIX.,  (1875).  p.    248.     Friedrich    Sturm.     Separation    of 

gray  copper  and  barite  by  decrepitation  and  screening. 

228.  ibid..  Vol.  LXIX.,   (1900).  p.  375.     Geo.  W.  Winter.     Description  of  the  Peck  cen- 

trifugal separator.     Illustrated. 

229.  8.  Afr.  Min,  Jour.,  Vol.  VII.,  (1898),  p.  921.     ^he  directors  of  the  Robinson  Diamond 

Mining  Co.,  report  that  direct  crushing  of  the  diamond  ore  involved  much  loss 
which  is  avoided  by  preliminary  weathering.  The  New  Bultfontein  Diamond  Co. 
had  a  similar  experience. 
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CHAPTER  XIX. 

ACCESSORY  APPARATUS. 

Under  this  head  are  described  machines  and  apparatus  that  form  connecting 
links  between  the  different  machines  of  a  mill ;  and  also  those  that  control  speed 
of  running  and  value  of  products.  They  are :  bins,  samplers,  feeders,  distributors, 
water  regulators^  conveyors,  elevators,  pumps,  launders,  unwaterers,  driers,  etc. 

Bins  and  Receiving  Floors. 

§  618.  The  varying  production  of  ore  in  a  mine  calls  for  receiving  bins  or 
floors  at  the  mill,  large  enough  to  serve  for  storage  when  the  mine  is  producing 
faster  than  the  mill  can  treat,  and  thus  provide  ore  for  the  mill  when  none  is 
being  received  from  the  mine.  It  often  happens  that  mining  or  milling  is  done 
for  24  hours,  while  hoisting  or  shipping  is  done  for  only  12  hours.  A  common 
rule  for  the  size  of  bins  is  that  they  shall  hold  at  least  24  hours  production 
of  the  mine,  and  they  are  often  much  larger.  Custom  mills,  which  treat  ores 
from  a  number  of  mines,  returning  the  concentrates  and  receiving  pay  for  the 
work  done,  require  more  storage  room  than  others,  and  must  have  separate  bins 
for  individual  lots.  Thirty  mills  report  capacities  of  bins  ranging  from  1  to  7 
times  the  daily  capacities  of  the  mills,  the  average  being  3.  The  largest  ratio 
is  for  a  custom  mill  (Mill  77).  Five  others  report  capacities  of  bins  from  0.1 
to  0.8  of  the  daily  capacity  of  the  mill. 

Ore  bins  must  be  strongly  constructed  and  braced  in  order  to  support  their 
heavy  loads  and  to  withstand  the  shocks  due  to  dumping  the  ore  into  them. 
They  may  have  flat  bottoms  where  economy  in  first  cost  requires  it,  or  where  in- 
creased capacity  is  sought.  These,  however,  require  more  labor  to  completely 
discharge  the  ore  than  do  sloping  bottoms.  The  sloping  bottom  is  made  by  lay- 
ing timbers  down  the  slope;  and  then  boards  are  laid  across  the  timbers,  or  else 
stringers  are  laid  across  the  timbers,  and  the  boards  are  laid  down  the  slope  on 
the  stringers.  In  either  case  there  should  be  a  second  layer  of  boards  breaking 
joints  with  the  first,  to  make  the  bottom  tight.  The  bottom  will  wear  better 
when  the  grain  of  the  wood  runs  down  the  slope  than  when  it  runs  across.  Bins 
should  be  lined  with  plate  iron  where  the  ore  strikes  when  it  is  dumped  in. 

The  labor  of  discharging  a  bin  depends  upon  its  shape.  In  some  mills  the 
bottom  slopes  in  three  directions  to  a  chute  in  front.  In  Mill  37  it  slopes  in 
four  directions  to  a  central  chute.  Either  of  these  will  discharge  all  of  the  ore 
without  shoveling,  if  the  slope  is  sufficient.  In  other  mills  the  bottom  slop(\< 
in  only  one  direction,  and  therefore  the  ore  cannot  be  completely  discharged 
without  shoveling.  Where  the  bottom  is  flat  the  ore  will  partly  discharge  itself 
until  the  angle  of  friction  is  reached,  but  the  remainder  must  be  removed  bv 
shoveling.  Twenty-throe  mills  have  bins  with  sloping  bottoms,  the  steepest 
being  52°,  the  gentlest  30°.  Sixteen  of  the  twenty-three  have  slopes  from 
42^°  to  45**.  All  these  discharge  directly  to  the  first  machine.  Ten  mills  have 
flat-bottomed  bins,  from  nine  of  which  the  ore  is  wheeled  or  shoveled  to  the 
first  machine,  and  from  one  it  is  shoveled  to  the  spalling  floor.     In  eleven  mills 


§  619  ACCESSORY  APPARATUS.  843 

the  ore  is  dumped  on  receiving  floors,  from  which  it  is  shoveled  or  wheeled  to 
the  first  machine. 

Ore  is  brought  to  the  bins  in  cars,  skips,  wagons  or  barrows.  For  cars  the 
end  dump  and  side  dump  styles  are  most  common,  and  they  are  generally  dis- 
charged at  the  side  of  the  bin.  In  large  mills,  when  convenient,  the  tracks  are 
run  over  the  tops  of  the  bins  and  drop-bottom  cars  are  used.  To  make  use  of  the 
full  bin  capacity,  the  ore  must  be  so  fed  that  it  will  fill  the  bin ;  the  top  filling 
does  this.  Sometimes  the  ore  is  dumped  on  a  grizzly,  the  undersize  of  which 
goes  directly  to  the  bin,  while  the  oversize  goes  to  a  breaker  and  then  to  the  bin. 
The  discharge  from  the  bins  is  commonly  through  a  sliding  gate,  operated  either 
by  a  rack  and  pinion,  or  by  a  lever.  The  discharge  chute  slopes  45**  or  more. 
A  hinged  discharge  chute  is  used  at  the  rock  house  bins  of  Mill  46,  and  at  the 
concentrates  bins  of  Mill  38.  The  raising  of  the  chute  stops  the  flow  of  ore. 
This  chute  may  be  operated  by  a  lever,  or,  if  heavy,  by  a  block  and  tackle.  The 
rock  house  bins  of  Mines  44,  46,  47  and  48  have  double  V  bottoms,  with  tracks 
beneath,  and  with  discharge  chutes  spaced  so  that  several  cars  can  be  filled  at  one 
time.  Mill  43  has  a  bin  divided  by  a  partition  down  the  center.  One  side  can 
be  discharged  while  the  other  is  being  filled,  a  scheme  which  may  give  facility 
in  making  up  mill  accounts.     This  matter  is  discussed  in  §  363. 

Intermediate  bins  are  used  in  some  mills  to  act  as  reservoirs,  so  that  a  tem- 
porary stoppage  of  one  part  of  the  mill  shall  not  necessitate  the  stoppage  of  the 
parts  preceding  and  following.  At  Mill  91  there  is  a  large  stock  house,  with  a 
capacity  of  16,000  tons,  between  the  preliminary  crushing  plant  and  the  separat- 
ing plant.  If  an  accident  requires  the  former  plant  to  be  shut  down,  this  stock 
house  provides  a  supply  of  ore  to  keep  the  latter  plant  running ;  and  if  the  latter 
shuts  down  the  stock  house  provides  storage  for  the  ore  from  the  former  plant. 
The  capacity  of  the  stock  house  is  sufficient  to  permit  either  the  crushing  or  the 
separating  plant  to  run  for  about  two  days  while  the  other  is  shut  down.  At 
Mill  92  there  are  six  storage  bins  between  the  crushing  and  the  separating  plants; 
and  their  capacity  is  sufficient  to  allow  either  plant  to  run  for  an  hour  or  two 
wihile  repairs  are  being  made  on  the  other.  At  Mill  26  there  are  three  bins  for 
the  storage  of  jig  middlings  previous  *to  regrinding.  They  have  a  capacity  for 
at  least  24  hours'  supply. 

Concentrates  bins  are  described  under  settling  tanlcs  (§  349).  They  are  placed 
there  because  the  concentrates  are  usually  collected  by  settling  from  water.  In 
many  mills,  however,  the  concentrates  are  wheeled  from  the  individual  machines 
to  the  bins. 

Samplers. 

§  619.  Sampling  consists  in  obtaining,  from  a  lot  of  ore,  a  small  portion  to 
weigh  out  for  assay,  which  shall  represent  as  perfectly  as  possible  the  exact  pro- 
portions of  the  constituents  in  the  original  batch  of  ore.  This  involves  two 
operations  which  proceed  by  alternate  stages:  (1)  cutting  down  or  reducing  the 
weight  of  the  sample,  and  (2)  crushing  or  reducing  the  size  of  the  particles. 

Sampling  and  assaying  are  required  in  milling  to  determine  the  value  of  the 
ore ;  to  see  what  losses  are  taking  place  in  the  tailings,  and  what  is  the  quality 
of  the  middlings ;  and  to  determine  the  value  of  the  concentrates.  Consequently 
the  selection  of  the  proper  methods  of  sampling  is  very  important.  This  work 
must  be  so  conducted  as  not  to  lose  dust  or  fine  slimes  which  belong  to  the  ore 
or  product,  as  these  fine  particles  are  often  very  rich,  and  a  larger  error  would  be 
made  by  their  loss  than  the  loss  of  weight  alone  would  imply. 

A  sample  may  be  taken  from  a  stream  of  ore  while  it  is  in  passage  from*  one 
place  to  another,  in  which  case  it  is  called  a  running  sample ;  or  it  may  be  taken 
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from  a  car  load  lot  or  an  accumulated  product.  A  running  sample  is  taken  either 
by  hand  or  machine ;  but  in  most  other  cases  only  hand  methods  are  used. 

§  620.  Hand  Sampling  is  done  in  various  ways,  which  will  now  be  noticed. 

Fractional  Selection  by  Shovel. — When  ore  is  being  moved  by  a  shovel,  either 
to  load  or  unload  it,  every  fifth,  tenth  or  twentieth  shovelful,  according  to  the 
richness  of  the  ore  and  the  distribution  of  the  minerals,  may  be  thrown  one 
side  for  a  sample.  Similarly,  when  unloading  ore  in  sacks,  every  fifth  or  tenth 
sack  may  be  set  aside.  This  sample,  after  being  crushed  to  reduce  the  size  of 
lumps,  may  again  be  reduced  in  quantity  by  setting  aside  alternate  shovelfuls 
as  a  sample.  This  routine  may  be  repeated  several  times  until  the  sample  needs 
crushing  again,  but  a  smaller  diovel  must  be  used  when  its  capacity  becomes  too 
large  a  proportion  of  the  lot.  In  case  the  ores' are  exceptionally  difficult  to 
sample,  for  example,  where  very  rich  lumps  occur  in  a  barren  gangue^  it  will 
be  safer  to  mix  them  by  ring  and  cone,  as  described  under  quartering,  previous 
to  shoveling  for  fractional  sekction. 

Quartering. — The  crushed  ore  when  brought  to  the  sampling  floor  in  sacks  or 
barrows,  is  deposited  evenly  in  a  large  ring.  The  attendant  then  shovels  it  into 
a  conical  heap  in  the  center,  while  walking  slowly  around  the  ring.  He  should 
not  shovel  too  much  ore  in  passing  once  around,  lest  a  part  of  the  ore  be  too 
much  bunched.  Every  shovelful  should  drop  systematically  upon  the  apex  of 
the  cone,  all  sides  of  the  cone  thus  receiving  contributions  from  each  shovelful 
of  ore.  The  ore  is  now  raked  out  into  a  new  ring  by  a  shovel  or  hoe  and  re- 
coned,  or  it  may  be  directly  shoveled  into  a  new  cone  on  another  part  of  the 
floor.  This  process  of  re-coning  will  be  repeated  until  the  batch  is  satisfactorily 
mixed,  and  then  the  cone  is  systematically  flattened  by  raking  the  ore  out  from 
the  apex,  while  walking  around  it.  The  flattened  cone  is  marked  o£E  into  Quarters, 
with  a  stick  or  board  on  edge,  along  two  diameters  at  right  angles  to  eacn  other. 
Two  opposite  quarters  are  shoveled  away  for  the  sample,  taking  care  to  save  all 
the  fine  as  well  as  coarse  ore  belonging  to  iihe  sample;  and,  if  the  lumps  are 
small  enough,  it  may  be  mixed  as  before  and  again  cut  down. 

If  there  is  much  variation  in  the  sizes  of  the  ore  particles,  as  there  is  very 
likely  to  be,  the  fine  tends  to  separate  from  the  coarse,  and  thereby  prevent 
thorough  mixing.  This  separation  is  much  lessened  when  the  ore  is  somewhat 
damp,*  but  the  moisture  must  not  be  sufficient  to  make  the  ore  ball  up  into  larp:e 
masses.  The  floor  on  which  this  work  is  done  must  be  clean,  smooth  and  free 
from  cracks ;  hence  it  is  best  to  have  it  covered  with  iron  or  steel  plates. 

Fractional  Selection  by  Split  Shovel,  Riffle^  and  Jones  Sampler. — ^The  split 
shovel  is  a  fork  in  which  the  prongs  are  separate  scoops,  each  scoop  being  the 
same  width  as  the  space  between  the  scoops.  It  is  laid  upon  the  ground,  and  a 
shovelful  of  ore  spread  over  its  surface,  the  shovel  being  moved  back  and  forth 
across  the  scoops  while  the  ore  is  sliding  off.  The  split  shovel  is  now  lifted,  leav- 
ing on  the  floor  the  ore  that  went  into  the  spaces  between  the  scoops,  and  what 
wont  into  the  scoops  is  emptied  on  a  heap  by  itself.  The  riffle  is  the  same  thing, 
except  that  it  is  larger  and  has  a  small  handle  on  each  side  instead  of  a  shovel 
handle  on  one  side.  It  is  used  in  the  same  way  as  the  shovel.  The  riffle  or  shovel 
is  very  useful  in  the  assay  office  when  the  quantities  become  small  and  the  size? 
fine.  The  Jones  Sampler  is  a  riffle  consisting  of  two  sets  of  scoops  sloping  in 
opposite  directions,  instead  of  alternate  scoops  and  spaces.  The  scoops  dischargre 
the  ore  as  fast  as  it  is  poured  into  them,  the  even  numbers  to  one  side  the  odd 
numbers  to  the  other.  For  either  of  these  devices,  each  scoop  should  be  at 
least  four  times  as  wide  as  the  largest  particle  of  ore. 

Cheese-scoop  Sampler. — (Fig.  480.) — To  make  this,  nearly  half  the  circum- 
ference of  an  iron  pipe  is  cut  away  except  for  a  few  inches  at  the  upper  end. 
This  is  slipped  into  a  slightly  larger  pipe  which  is  similarly  cut  away,  and  which 


620 


ACCESaOBT  APPARATUS. 


845 


FIQ.     480. — C  H  E  E  S  B 
SCOOP  SAMPLER. 


ha?  its  lower  end  hammered  to  a  point.  A  T  is  screwed  on  the  upper  end  of  the 
inner  pipe,  and  a  handle  screwed  into  the  T.  The  point  on  the  lower  end  of  the 
outer  pipe  enables  the  sampler  to  easily  force  it  into 
a  body  of  fine  ore.  When  doing  this  the  pijx^s  should 
be  in  the  relative  positions  shown  in  section  a;  the  in- 
ner one  is  then  turned  into  the  position  6,  and  twisted 
back  and  forth  till  it  fills  with  ore.  It  is  tlien  returned 
to  the  position  a,  and  both  pipes  axe  withdrawn  with 
the  sample.  This  tool  is  very  convenient  for  sampling 
fine  concentrates  in  bins,  cars  or  sacks.  Such  samples 
should  be  taken  systenwtically  from  all  parts  of  the 
bin  or  from  a  certain  proportion  of  the  sacks. 

Pipe  Sampler. — To  sample  a  pile  of  hematite  concen- 
trates that  had  weathered  for  years  at  Iron  Mountain, 
Missouri,  and  which  varied  from  sand  to  hickory  nut 
size,  Taylor"  used  a  2-inch  pipe  13  feet  long.  This  was 
driven  into  the  pile  to  a  depth  of  12  feet  at  in- 
tervals of  10  feet,  using  6-pound  sledges.  To 
prevent  upsetting  the  end  of  the  pipe  by  hammering,  a  collar  and  plug  were 
used.  The  collar  was  of  f-inch  iron,  and  was  shrunk  upon  the  end  of  the  pipe. 
The  plug  entered  the  pipe  6  inches,  and  had  a  projecting  shoulder  to  transmit 
the  blow.  The  pipe  was  drawn  out  by  a  mule  or  by  two  men.  With  this  ore 
ihe  steepest  angle  at  which  the  pipe  could  be  withdrawn,  and  be  sure  of  carrying 
with  it  the  whole  sample,  was  30°.  With  a  moist  fine  ore  a  steeper  angle  could 
be  used.  After  withdrawing  the  pipe,  and  having  it  in  a  vertical  position  a  few 
hammer  taps  removed  the  ore. 

The  Orab  Sample, — This  method  consists  in  measuring  off  the  surface  of  an 
ore  heap  into  squares,  and  taking  approximately  equal  quantities  of  ore  from 
the  corners  of  the  squares,  accepting  whatever  comes,  coarse  or  fine,  rich  or  poor. 
A  tape  measure  or  a  knotted  cord  laid  over  the  heap  may  also  be  used,  a  sample 
being  taken  at  each  foot  mark  or  under  each  knot.  The  method  is  not  as  accurate 
as  the  others,  because  only  part  of  the  ore  is  accessible.  There  are  cases,  however, 
where  for  lack  of  means  to  take  a  more  accurate  sample,  this  method  is  accepted. 
Dipper  or  Bucket  Sample. — Samples  of  the  running  products  of  individual 
machines,  and  of  the  general  mill  tailings  may  be  taken  by  diverting  the  whole 
stream  into  a  dipper  or  bucket  at  stated  intervals,  for  example,  every  15  min- 
utes, for  some  definite  period,  such  as  30  seconds.  The  principles  laid  down 
for  mechanical  sampling  (see  §  621)  apply  here.  The  total  sample  for  12  or 
for  24  hours  is  settled,  dried  and  then  cut  down  for  assay. 

The  general  mill  tailings  are  often  accompanied  by  so  much  water  that  a 
dipper  or  bucket  is  too  small  to  catch  a  good  sample.  In  such  a  case  a  box  of 
about  10  cubic  feet  capacity  is  sometimes  mounted  on  wheels,  so  that  it  can 
be  pushed  under  the  end  of  the  tailings  launder.  Once  an  hour  this  box  is 
filled  and  withdrawn;  and  at  the  end  of  the  hour  a  plug  is  removed  to  run  off 
the  clear  top  water.  (As  to  the  catching  of  the  fine  slimes,  see  §  869.)  The 
sample  is  removed  from  the  box  once  in  24  hours. 

In  all  this  class  of  sampling  great  care  must  be  taken  that  no  accumulations 
of  concentrates  in  eddies  or  comers,  or  adhering  to  the  discharge  lips  of  the 
machines,  be  dislodged  and  get  into  the  sample.  For  example,  the  tailings  of 
amalgamated  plates  should  be  sampled  before  rather  than  after  going  to  the  mer- 
cury traps,  because  there  may  be  periodical  rushes  of  accumulated  sulphurets 
out  of  the  traps.  On  the  other  hand,  particular  care  must  be  taken  that  no 
amalgam  is  scraped  into  the  sample  from  the  lower  end  of  the  amalgamated 
plate. 
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Moisture  Samples. — Since  the  assays  of  ore  are  always  made  upon  dry  samples 
(because  a  constant  weight  and  value  can  be  obtained  in  no  other  way),  and  since 
all  ores  are  more  or  less  damp  when-  Siimpled,  it  is  necessary  to  take  moistun* 
samples  to  determine  the  weight  of  dry  ore  in  any  lot.  This  moisture  sample 
should  be  taken  either  just  before  or  just  after  the  ore  is  weighed.  It  must  b(^ 
taken  by  a  method  that  is  rapid  and  does  not  require  crushing,  further  cutting 
down  or  other  handling  before  testing ;  and  should  therefore  be  independent  of  the 
regular  sample,  unless  the  latter  is  small  enough  so  that  the  whole  of  it  can  c-on- 
veniently  be  dried.  Each  portion  taken  for  the  sample  must  be  put  into 
a  covered  pail  immediately,  so  that  there  shall  be  no  evaporation  before  the  \e^t 
is  made.  As  soon  as  possible  the  sample  is  rapidly  mixed,  and  a  portion  weighed 
out  to  be  dried ;  or  better,  the  whole  sample  may  be  dried.  The  difference  be- 
tween the  wet  and  dry  weights,  divided  by  the  wet  weight,  gives  the  percentage 
of  moisture  in  the  wet  ore. 

§  G21,  Mechanical  Sampling. — There  are  seven  essential  features  of  a  per- 
fect mechanical  sampler:  (1)  it  must  take  the  whole  stream  of  ore  (wet  or  dry) 
part  of  the  time,  and  not  part  of  the  stream  all  the  time,  because  the  values  are 
never  evenly  distributed  across  the  stream ;  (2)  the  scoop  that  cuts  out  the  sampJe 
must  move  completely  across  and  out  of  the  stream  in  one  direction  at  each  cut, 
for,  if  it  enters  from  one  side,  and  is  then  withdrawn  on  the  same  side  without 
having  completely  crossed  the  stream,  more  ore  will  be  taken  from  the  side  at 
which  the  scoop  enters  and  leaves  than  from  the  other  side;*  (3)  in  order  to 
take  equal  proportions  from  all  parts  of  the  stream,  the  scoop  must  move  at  a 
uniform  rate,  and  the  top  of  the  scoop  must,  in  all  positions,  be  at  right  angles 
to  the  direction  of  the  stream.  This  last  condition,  in  the  case  of  a  revolving 
scoop,  is  well  obtained  from  a  vertical  stream  and  a  horizontal  scoop;  (4)  if  the 
scoop  that  cuts  out  the  sample  revolves  about  an  axis,  two  sides  of  the  scoop  should 
converge  toward  the  axis  in  order  to  take  equal  proportions  from  all  parts  of  the 
stream ;  and  the  scoop  may  be  adjustable  to  take  larger  or  smaller  proportions  of 
the  ore;  (5)  the  interval  of  time  between  cuts  should  be  constant;  (6)  the  scoops 
must  be  deep  and  broad  enough  so  that  ore  that  has  once  gotten  into  them  will 
not  bound  out  again ;  and  if  the  scoops  have  closed  bottoms  they  must  not  be 
allowed  to  fill  up  so  that  some  of  the  ore  runs  over,  as  this  would  produce  a  concen- 
tration of  the  heavy  minerals,  especially  when  the  ore  was  carried  in  running 
water;  (7)  the  machine  should  be  simple  and  easily  accessible  for  cleaning,  to 
avoid  danger  of  contaminating  subsequent  samples.  For  the  best  results  the 
feed  to  the  machine  should  be  regular. 

The  Snyder  Sampler  (Fig.  481)  has  the  form  of  a  circular  pan  with  flaring 
sides,  which  is  set  edgewise  on  a  revolving  horizontal  shaft.  A  spout,  6,  projecting 
through  the  flaring  side,  passes  under  the  feed  spout,  a.  at  each  revolution  of  the 
machine  and  delivers  a  sample  into  the  sample  spout  c.  During  the  rest  of  the 
revolution  the  material  is  diverted  into  the  spout  d. 

The  Vezin  Sampler  (Fig.  482)  has  two  hollow,  truncated  cones  bolted  to- 
gether at  their  large  bases.  They  are  attached  to  a  cast  iron  spider,  which  is 
keyed  to  a  vertical  shaft.  This  shaft  is  supported  by  a  collar  at  the  upper  end, 
is  held  in  place  by  two  guide  boxes,  and  is  driven  at  a  constant  speed  in  one 
direction  by  beveled  gears  at  the  upper  end.  The  upper  cone  carries  one  or 
more  scoops,  a,  the  openings  of  which  have  the  form  of  sectors  of  a  circle.  The 
ore  is  fed  from  the  spout  b ;  dnd  the  portion  that  enters  the  scoops  passes  into 
the  interior  of  the  cones,  and  is  conducted  to  the  sample  bin,  or  to  the  rolls  if  it  ij 
to  be  further  crushed.  The  main  portion  of  the  ore  falls  into  a  hopper  and  is 
spouted  to  storage  bins  or  cars. 

*  Thoufrh  such  a  Hcoop  may  tAl:e  only  part  of  thn  stream  at  a  v^vea  Instant,  it  does  take  a  true  section 
across  the  stream  and  virtually  takes  the  whole  strenm  part  of  the  time. 
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The  Collom  Sampler  (Fig.  483)  consists  of  one  or  more  diverting  scoops  which 
pass  tlirough  a  stream  of  ore  at  stated  intervals.     The  scoops  are  mounted  on  a 


FIG.  481. — SNYDER  SAMPLER. 


PIG.  482. — ^VEZIN  SAMPLER. 


horizontal  arm  carried  by  a  vertical  shaft.  As  a  scoop  passes  through  the  stream 
of  ore  it  cuts  out  a  sample  and  delivers  it,  through  a  vertical  spout  beneath, 
into  the  sample  bin  or  box,  after  which  the  run  of  ore  goes  on  as  before.     The 


FIG.  483. — COLLOM  SAMPLER. 

shaft  of  the  machine  is  supported  and  held  in  position  by  a  step  at  its  lower  end 
and  a  guide  box  at  its  upper  end.  The  machine  is  driven  at  a  constant  speed 
in  one  direction  by  beveled  gear  and  pinion. 

In  the  Bmnton  Sampler  (Fig.  484)  the  deflector  ah  is  carried  on  the  horizontal 
shaft  c,  and  is  giYen  a  forward 
and  backward  motion  by  means 
of  the  crank  wheel,  d,  the  con- 
necting arm,  e,  and  the  lever, 
f.  The  end  of  the  feed  spout 
is  brought  down  near  the  op- 
positely sloping  faces,  a  and 
6,  of  the  deflector;  and  the  lat- 
ter oscillates  far  enough  so  that 
the  scoop  a,  cuts  completely 
across  the  stream  of  falling  ore. 

A  sample  is  thus  deflected   to  -„^    mqa      «„„^,^^^,  «.,,«x«« 

the    left    by    the    scoop,    a.  "*'•  484.-brunton  sampler. 

and  the  rest  of  the  ore  is  deflected  to  the  right  by  h. 
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For  the  sake  of  simplicity  neither  of  the  above  machines  is  made  adjustable 
for  varying  the  percentage  of  ore  taken  for  a  sample,  but  either  of  them  could 
easily  be  so  made  if  it  was  desired.  Either  of  them  is  applicable  for  the  feed  or 
for  the  products  of  any  machine  in  a  mill,  or  for  the  general  tailings. 

At  Mill  87  a  Vezin  machine  samples  the  smelting  ore  after  it  has  been  crushed 
to  pass  through  a  two-mesh  screen.  It  has  one  scoop  and  takes  one-sixteenth  of 
the  lot  for  the  sample.  At  Mill  94  a  Vezin  machine  with  two  scoops  takes  one- 
eighth  of  the  ore  for  a  sample,  after  it  has  been  crushed  to  about  }  inch.  This 
macfhine  makes  15.2  revolutions  a  minute.  At  Mill  86  a  Collom  machine  samples 
all  of  the  ore  after  it  has  been  crushed  to  pass  through  9-mm.  screen  holes.  In 
this  case  there  is  a  single  horizontal  arm  with  a  radius  of  1  foot  6  inches,  re- 
volving eight  times  a  minute.  The  scoop  is  J  inch  wide.  At  Mill  38  a  modified 
Collom  machine  is  used  to  sample  the  general  mill  tailings.  In  this  case  the 
scoop  is  carried  by  and  delivers  into  a  horizontal  pipe,  which  is  screwed  into 
and  revolves  with  a  vertical  pipe  leading  down  to  the  sample  box.  At  Mill  61 
the  general  tailings  run  into  a  reaction  wheel,  the  stream  reacting  on  the  walls 
of  ten  1-inch  horizontal  pipes  that  have  90°  elbows  at  the  outer  ends.  Nine  of 
these  pipes  are  2J  feet  long  and  the  streams  are  delivered  horizontally  through 
the  elbows  at  their  ends ;  the  tenth  or  sample  pipe  is  3  feet  long  and  the  stream  is 
delivered  vertically  downward  from  its  ends.  The  vertical  receiving  pipe  is  5 
inches  in  diameter.  A  sample  is  taken  at  each  revolution  as  the  sample  pipe 
passes  over  a  slot  in  the  cover  of  a  bucket.  The  machine  gives  satisfaction  at  this 
mill,  but  it  does  not  conform  to  the  rule  of  taking  the  whole  stream  part  of  the 
time.    It  takes  its  sample  from  one  part  of  the  stream  part  of  the  time. 

Comparisons. — A  good  mechanical  sampler  has  an  advantage  over  hand  sam- 
pling because  it  eliminates  the  possibility  of  intentional  error.  Moreover,  it  is 
in  general  cheaper.  Fractional  selection  depends  for  its  accuracy  on  the  proba- 
bility that  there  will  be  less  error  in  taking  many  small  quantities  distributed 
through  the  lot  than  in  taking  a  few  large  quantities;  while  the  accuracy  of 
quartering  depends  on  thorough  mixing,  which  requires  careful  attention  to  the 
precautions  mentioned  in  §  620.  Quartering  requires  more  labor  than  fractional 
selection,  and  is  not  practicable  for  very  large  lots,  because  it  would  require  an 
excessive  amount  of  space. 

§  622.  Data  from  Practice. — ^The  following  figures  show  the  practice  that  has 
been  developed  by  the  experience  of  various  engineers  for  reducing  the  size  of  the 
particles,  and  the  weight  of  the  sample,  and  are  quoted  by  them  as  giving  accurate 
results.* 

E.  E.  BURLINGAME,  DENVER,  COLORADO. 

Low  grade  ores. 

Take  every  20th  shovelful  of  the  lot  of  ore,  crush  to  4  mesh  and  quarter 

to  100  pounds.  ^ 

100  pounds,  crush  to  20  mesh  and  reduce  to  5  pounds. 

5  pounds,  crush  to  100  mesh  and  take  several  6-ounce  samples. 

*  Flgruresby  Philip  Ar^ll,  based  on  ezi)erienoe  with  Colorado  ores,  arnf?iv«n  in  Vol.  X.,  of  T%e  hutifutitm 
of  Mining  and  Metailurgy.  Owiniir  to  the  Tery  recent  date  of  th^ir  publication  the  author  did  not  ger  them 
In  time  to  consider  them  with  those  of  the  other  authorities.  Ari^all  recommends  fbr  difficult  frold  telliirfde 
ores  containing  10  to  15  ounces  gold  per  ton  which  have  been  crushed  by  breakers  to  an  average  cube  of  about 
1  inch,  that  from  a  lot  of  100  tons  a  sample  of  20  tons  be  taken  by  the  first  mechanical  sampler.    This  sample 


is  then  crushed  to  H  inch  and  sampled  down  to  8  tons  by  the  second  sampler.  This  is  crushed  to  8  mesh 
(A  inch)  and  reduced  by  riffling  to2S0  pounds,  which  is  dried  and  crushed  to  about  80  mesh  (0.0171  Im'h)  and 
riffled  down  to  about  16  pounds.  This  is  passed  through  a  sample  grinder  which  crushes  to  fiO  or  100  mesh 
and  is  then  reduced  by  riffling  to  1  pound,  which  is  ground  on  a  bucking  board  to  paiss  through  a  IflO-mesh 
(0.004-inch)  sieve.    His  general  rule  for  lots  of  ore  of  the  kind  stated  above  Is  as  follows : 

Lot  of  ore,  crush  to  1  inch,  take  SOjC  of  original  lot. 

90)(.  crush  to  y[lnch,  take  1*4%  of  oHginal  lot. 

IW*  crush  to  8  mesh,  take  O.OTSRir  of  o«1gina1  lot. 

O.OTSS^,  crush  to  80  mesh,  take  O.OOR^  of  original  lot. 
He  says  that  In  practical  work  one  takes  larger  qnantitif^s  of  the  finer  material,  simply  as  a  matter  of  extra 
precaution,  more  especially  so  in  mills  where  all  the  ore  Is  nMmately  ground  fine. 
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Rich  or  "spotted"  ores. 

Take  every  5th  shovelful  from  the  lot  of  ore,  crush  to  4  mesh  and  quarter 
to  500  pounds. 
600  pounds,  crush  to  20  mesh  and  reduce  to  10  pounds. 
10  pounds,  crush  to  100  mesh  and  take  several  6-ounce  samples. 
Very  rich  ores. 

Crush  the  entire  lot  to  20  mesh  and  quarter  to  600  pounds. 
A.  R.  Lkdoux,  New  York  City. 
Medium  ores. 

60  ton  lot,  crush  to  2  or  3  inches,  take  10  tons. 
10  tons,  crush  to  1  or  2  inches,  take  2  tons. 

2  tons,  crush  to  1  inch,  take  1,000  pounds. 
1,000  pounds,  crush  to  -J  inch,  take  250  pounds. 

250  pounds,  crush  to  i  inch,  take  25  pounds. 
25  pounds,  crush  to  ^  inch,  take  3  pounds. 

3  pounds,  crush  to^liri^ch  (100  mesh)  and  assay. 
Free  gold,  gold  in  pyrite,  or  copper  sulphide  ores. 

50  ton  lot,  crush  all  to  2  inches  or  less,  take  out  10  tons. 
Copper  matte — 50  ton  lot,  crush  all  to  1  inch,  take  out  10  tons. 
Charles  Butters,  London,  England. 
Fairly  uniform  ores. 

60  ton  lot,  crush  to  3  inches,  take  6  tons. 
6  tons,  crush  to  1  incfh,  take  1,000  pounds. 
1,000  pounds,  crush  to  \  inch,  take  100  pounds. 
100  pounds,  crush  to  |  inch,  take  10  pounds. 
10  pounds,  crush  to  ^  inch,  take  1  pound. 

1  pound,  crush  to  100  mesh,  take  assay  sample. 

*T[f  the  ore  might  be  separated  into  different  values  after  crushing,  on  account 
of  the  richer  part  of  the  ore  being  more  friable,  I  should  be  inclined  when  I  had 
got  down  to  1,000  pounds  to  proceed  by  fifths  instead  of  tenths,  but  with  the 
same  mesh.^' 
Paul  Johnson.*^ 

Silver-lead  ( ?)  ores  assaying  not  more  than  100  ounces  silver  per  ton. 
Quarter  the  lot  of  mine  ore  to  2  tons. 

2  tons,  crush  to  }  inch,  quarter  to  600  pounds. 

600  pounds,  crush  to  ^   (?)   inch,  quarter  to  250  pounds. 
250  pounds,  crush  to  10  mesh,  quarter  to  20  to  35  pounds. 
20  to  35  pounds,  crush  to  12  mesh,  split  shovel  to  2  to  4  pounds. 
2  to  4  pounds,  crush  to  80  mesh  and  take  6  samples  of  6  to  8  ounces. 
S.  H.  Pbarce.^ 

Lot  crushed  to  2  inches,  take  1,200  pounds. 
1,200  pounds,  crush  to  1  inch,  take  300  pounds. 
300  pounds,  crush  to  \  inch,  take  80  pounds. 
80  pounds,  crush  to  |  inch,  take  20  pounds. 
20  pounds,  crush  to  \  inch,  take  5  pounds. 
6  pounds,  crush  to  -^  inch,  take  2  pounds. 
Pearoe's  figures  are  given  as  being  suitable  for  the  gold  ores  of  the  Band 
district.  South  Africa,  in  whicfh  the  gold  ranges  from  perhaps  0.25  to  1  ounce 
per  ton,  and  is  in  fine  particles,  partly  free  and  partly  contained  in  pyrite. 

§  623.  Principles  op  Sampling. — As  already  stated,  sampling  involves  two 
operations,  which  proceed  by  alternate  stages:  (1)  cutting  down,  or  reducing  the 
weight  of  the  sample,  and  (2)  crushing,  or  reducing  the  size  of  the  particles. 
The  finer  the  crushing  for  any  given  weight  the  more  accurate  will  the  sample 
be.    There  is,  however,  for  any  ore  a  size  of  particle  for  each  weight  finer  than 


850  OEE  DEESaiNG,  §  623 

which  the  advantage  gained  by  further  crushing  is  practically  nil;  and  further 
crushing,  therefore,  simply  involves  useless  work.  To  settle  upon  a  system  of 
sampling  we  must  adopt  a  series  of  weights  for  the  cutting  down,  and  a  corre- 
sponding series  of  sizes  to  which  the  ore  must  be  crushed  before  being  cut  down. 
The  simplest  rule,  adopted  by  Vezin^*  in  1866,  is:  first,  to  decide  what  weight 
{w)  should  be  taken  for  assay  or  analysis  after  the  ore  has  been  ground  to 
100-mesh  (approximately  0.125  mm.  diameter) ;  second,  to  compute  the  number 
(n)  of  maximum  sized  grains  passing  through  a  100-mesh  screen  that  would 
weigh  (w)\  and  third,  to  cut  down  to  a  weight  after  each  crushing  which  will  1 

be  equal  to  n  of  the  maximum  sized  particles.  * 

This  rule  may  be  said  to  use  a  constant  number  of  particles  whatever  their  ] 

size.     The  following  figures  show  the  weights  of  different  sizes  required  by  this  « 

rule  on  the  basis  of  0.1  assay  ton  (2.917  grams)  of  ore  through  a  lOO-mesh  screen  I 

(0.125  mm.) :  . 


28        mm. 

Z,\Z1       metric  tons. 

64          « 

391            «         " 

32          « 

48.9         "        " 

16 

6.12       "         " 

8 

764.6    kilos. 

4 

95.57      « 

2 

11.95      " 

1 

1.493    « 

0.5       « 

186.7    grams. 

0.25     « 

23.33      « 

0.125    " 

2.917    " 

The  above  rule  demands  finer  crushing  than  practice  indicates  to  be  necessary, 
and  it  is,  therefore,  more  expensive  than  is  wise.  The  sampling  works  and 
assay ers  have  made  approximations  to  rules  deviating  from  the  above,  to  save 
the  excessive  cost,  and  yet  be  accurate  enough  for  purposes  of  buying  and  selling ; 
and  several  sets  of  such  figures  have  been  given  in  §  622. 

Brunton*  has  suggested  the  following  considerations  as  a  basis  for  sampling: 
(1)  the  ratio  of  the  assay  of  the  richest  particle  to  the  average  of  the  ore;  (2) 
the  relative  specific  gravities  of  the  heavy  mineral  and  the  gangue;  (3)  the  ratio 
between  the  weight  of  the  largest  actual  particle  that  will  pass  through  a  given 
sized  square  hole,  and  the  weight  of  the  largest  cube  that  would  go  through  the 
same  hole;  and  (4)  the  number  of  richest  particles  likely  to  be  in  excess  or 
deficit.  Brunton's  results,  however,  show  quantities  that  are  largely  in  excess 
of  practice ;  and  the  author  thinks  this  is  due  to  the  omission  of  the  following 
principle:  (5)  the  larger  the  single  lump  the  more  nearly  it  represents  a  perfect 
sample.  If,  for  example,  on  the  one  hand  a  lot  of  ore  weighing  50  tons  was  in  a 
single  lump,  that  one  lump  would  be  a  perfect  sample.  If  on  the  other  hand  the 
ore  was  so  fine  that  there  were  no  included  grains,  then  no  single  lump  could 
be  a  true  sample.  We  see,  therefore,  that  in  the  coarser  sizes  it  is  not  necessary, 
either  practically  or  theoretically,  to  take  as  large  a  sample  as  is  required  by 
the  rule  that  calls  for  the  equivalent  of  a  constant  number  of  maximum  sized 
particles.  This  last  principle  appears  to  be  of  more  consequence  in  settling  the 
law  of  cutting  down  than  all  the  others,  and  in  fact  completely  overshadows 
them;  It  is  applied,  either  consciously  or  unconsciously^  in  all  practical  samp- 
ling. The  author  believes  that  the  most  satisfactory  rule  will  be  based  on  the 
practice  developed  in  the  buying  and  selling  of  ores.  Now  an  examination  of  the 
data  quoted  in  §  622  shows  that  in  each  case  the  weights  vary  approximately  in 
proportion  to  the  squares  of  the  diameters  of  the  particles.  Bv  adopting  the 
rule  that  the  weight  shall  be  proportional  to  the  square  of  the  diameter  of  the 
largest  particles,  we  shall  obtain  a  set  of  figures  that  will  in  all  probability  meet 
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the  approval  of  practising  engineers;  and  which  have  a  definite  basis,  and 
thereby  do  away  with  a  great  deal  of  guess  work.  Such  a  set  is  given  in  Table 
3GJ),  and,  for  convenience  of  interpolation,  on  Fig.  485.     Each  column  in  the 


30,000 



[T 

~ 

r 

~~" 

- 

1 

1 

1 

lo  ono 

1 

f 

/ 

1 

y 

/ 

/ 

/ 

y 

1A0Q0 

/ 

/ 

\ 

, 

/ 

/ 

/ 

1 

/ 

/ 

14  000 

/ 

\ 

i 

f 

^ 

/ 

/ 

aZ 

/ 

19(100 

: 
1 

^ 

y 

/ 

- 

/ 

/ 

4    , 

/i 

/ 

/i 

1  '^■ 

r 

y 

/ 

^  1 

> 

V 

/ 

/ 

10,000 

s     \ 

1 

1 

/" 

r 

^   ^ 

h 

? 

j\ 

^ 

/ 

It, 

J 

} 

/ 

/ 

ftOOO 

X 

& 

4^ 

/ 

/ 

X 

r 

A 

y 

I 

/ 

fe 

> 

1 

/ 

i 

/ 

/ 

/ 

A 

\ 

/ 

ILOOO 

f 

/ 

7 

A 

/ 

o,«wv 

/ 

/ 

/ 

JLOQO 

/ 

f 

/ 

/ 

Oj^W* 

y 

/ 

/ 

y 

4 

^ 

A   ttt)t\ 

y 

/ 

^ 

/ 

X 

^1 

T 

/ 

/ 

J 

/ 

^ 

m 

* 

SLOQO 

, 

/ 

/ 

/ 

J\ 

.«" 

a,ww 

/ 

/ 

/ 

X 

i^ 

¥ 

^ 

onn 

/ 

A 

f 

,/ 

^ 

y 

^ 

^ 

x,ww 

/ 

/ 

/ 

.■^ 

/ 

^^ 

^ 

r^ 

n  Ol 

eft. 

1  000 

/ 

/ 

/ 

y 

VPi 

Fr" 

^ 

oti 

/ 

/y 

y 

^ 

y* 

^ 

^  * 

^^ 



lov 

« 

u 

5  0l 

L^ 

^ 

, . 

— ■ 

V 

« 

mm. 

!n 

) 

9 

0 

1 

a 

} 

1* 

0 

» 

i 

61 

0 

J. 

T 

0 

1.0  1.5  2.0  s:5 

Diameters  of  largest  particles. 
FIG.  485. — SIZES  AND  WEIGHTS  OF  ORE  FOB  SAMPLING. 

table  is  based  on  one  of  the  figures  quoted  above  from  practice — the  very  low 
grade  or  very  uniform  ores  (that  is,  those  in  which  the  values  are  very  evenly 
distributed)  on  Pearce's  1,200  pounds  of  2-inch  lumps;  the  low  grade  or  uniform 
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TABLE 

369. — WEIGHTS   TO   BE 

TAKEN   IN   SAMPLING  ORE. 

We 

igbt. 

Diameters  of  Largest  ParUcIe. 

Very  Low  Grade 

or  very  Uniforin 

Ores. 

Low  Grade  or 
Uniform  Ores. 

Medium  Ores. 

Rich  or 

"Spotted'' 

Ores. 

Very  Rich  or 

ExcessfTely 

•Spotted" 

Onas. 

GltUDB. 

Pounds. 

20,000 

10,000 

6,000 

2,000 

1,000 

COO 

200 

100 

60 

20 

10 

6 

2 

1 

0.6 
0.2 
0.1 
0.06 
0.02 
0.01 
0.006 

Mm. 
907 
147 
104 
66.6 
46.4 
82.8 
20.7 
14.7 
10.4 
6.6 
4.6 
8.8 
2.1 
1.5 
1.0 
0.66 
0.46 
0.88 
0.21 
0.16 
0.10 

Mm. 
114 
80.8 
66.8 
86.9 
25.4 
18.0 
11.4 
8.0 
6.7 
8.6 
2.6 
1.8 
1.1 
0.80 
0.67 
0.86 
0.25 
0.18 
0.11 

Mm. 
76.2 
68.9 
88.1 
24.1 
17.0 
12.0 
7.6 
6.4 
8.8 
2.4 
1.7 
1.2 
0.76 
0.54 
0.88 
0.24 
0.17 
0.12 

Mm. 

60.8 

85.9 

25.4 

16.1 

11.4 

8.0 

5.1 

.      8.6 

2.6 

1.6 

1.1 

0.80 

0.61 

0.86 

0.25 

0.16 

0.11 

Mm. 
31.6 
28.4 
15.8 
10.0 
7.1 
6.0 
8.2 
2.2 
1.6 
1.0 
0.71 
0.60 
0.82 
0.22 
0.16 
0.10 

Mm. 
6.4 
3.8 
2.7 
1.7 
1.2 
0.86 
0.54 
O.SB 
0.27 
0.17 
0.12 

90 

46 

22.5 

9 

4.6 

2.25 

ores  on  Buttefr^s  1,000  pounds  of  1-inch  lumps,  which  gives  nearly  the  same 
results  as  Johnson's  500  pounds  of  J-inch  lumps ;  the  medium  ores  on  Ledoux's 
10-tons  of  2  to  3-inch  lumps;  the  rich  or  "spotted"  ores  (that  is,  those  in  which 
the  values  are  quite  unevenly  distributed)  on  Burlingame's  600  pounds  of  4- 
mesh  (5  ram.)  lumps;  and  the  very  rich  or  excessively  "spotted''  ores  (such  as 
many  free  gold  ores  and  telluride  ores)  on  Burlingame's  500  pounds  of  ?0-me.«h 
(0.85  mm.)  ore.  This  last  class  is  very  difficult  to  sample;  so  much  so  that 
usually  the  only  satisfactory  way  is  to  make  a  mill  test  of  10  tons  or  mon', 
keeping  a  careful  account  of  the  value  extracted  and  of  all  weights,  and  then 
sampling  and  assaying  the  tailings.  An  example  of  this  is  given  in  g  893.  Higli 
grade  ores  (although  their  values  may  be  quite  uniformly  distributed)  are  classed 
with  "spotted-"  ores,  because  their  values  must  be  determined  with  greater  pro- 
portional accuracy  than  low  grade  ores,  in  order  to  prevent  considerable  loss  to 
the  buyer  or  the  seller. 

It  is  not  intended  that  the  reduction  in  size  shall  proceed  by  all  the  stages 
indicated  in  either  column  of  Table  369;  but  whenever  any  weight  given  in  the 
first  column  is  taken  as  a  sample,  the  ore  should  first  be  crushed  to  the  corre- 
sponding size  shown  in  one  of  the  other  columns.  For  example,  with  a  20,000- 
pound  (10  ton)  lot  of  low  grade  ore,  we  might  crush  the  entire  lot  to  25.4  mm. 
and  take  1,000  pounds  for  a  sample.  If  this  was  all  reduced  to  2.5-mm.  size 
the  quantit}'  could  be  reduced  to  10  pounds ;  and  then  by  grinding  to  0.80  mm. 
(about  20  mesh)  we  could  safely  reduce  the  weight  to  1  pound.  If,  however, 
it  was  necessary  to  produce  the  least  amount  of  fines,  the  successive  weights  of 
sample  might  be  5,000,  1,000,  200,  50,  10  and  1  pounds;  with  corresponding 
reductions  in  size  to  56.8,  25.4,  11.4,  5.7,  2.5  and  0.80  mm.  When  a  lot  is 
crushed  fine  enough  to  permit  a  large  reduction  in  weight,  it  is  safer  to  make 
this  reduction  by  several  successive  mixings  and  quarterings  than  by  a  single 
operation. 

In  exceptional  cases  where  serious  losses  would  occur  in  concentrating  or  smelt- 
ing if  the  ore  was  crushed  as  finely  as  indicated  above,  it  is  considered  betttT 
to  make  a  certain  sacrifice  in  the  accuracy  of  sampling  by  taking  smaller  samples. 
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§  624.  Automatic  Feeders  are  mechanical  devices  intended  to  avoid  the 
necessity  of  hand  feeding.  When  once  set  they  should  deliver  the  ore  as  nearly 
as  possible  at  a  definite  rate  (in  pounds  per  minute)^  and  they  should  be  ad- 
justable to  feed  fast  or  slow.  In  the  case  of  a  stamp  battery  the  rate  is  auto- 
matically regulated  by  the  action  of  the  battery  itself.  The  feeder  should  not 
concentrate  the  ore,  delivering  richer  material  at  first  and  poorer  later,  or  vice 
versa,  but  must  deliver  a  uniform  quality  of  material  throughout.  Clayey  or 
other  sticky  ores  cause  difficulty  with  some  feeders. 

Hendy's  ChMenge  Feeder  for  gravity  stamps.  Fig.  486,  consists  of  a  circular 
table,  a,  inclined  about  12^**,  and  slowly  revolved  by  beveled  gears  beneath. 


¥10.  486. — hendt's  challenge  ore  feeder. 

A  sheet  iron  hopper,  r,  delivers  the  ore  on  one  side  of  this  table,  and  a  fixed 
scraper,  c,  is  so  arranged  that  when  the  ore  reaches  a  certain  point  it  is  scraped 
into  the  stamp  mortar.  The  quantity  of  ore  delivered  from  the  hopper  to  the 
table  is  regulated  by  an  adjustable  gate,  b.  The  table  stands  upon  a  short 
inclined  shaft  and  step,  d.  It  has  a  beveled  gear  cast  upon  its  under  side. 
Power  is  brought  to  it  by  the  pinion,  e,  the  shaft,  f,  the  friction  pawls,  g,  the 
lever,  k,  the  connecting  rod,  m,  the  lever,  n,  shaft,  o,  lever,  p,  and  the  buffer 
rod,  r.  A  spring,  Z,  returns  the  lever,  Jc,  to  its  place  after  each  stroke,  but  the 
friction  brake,  t,  prevents  the  rfhaft  from  turning  back.  The  lever,  h,  is  at- 
tached to  the  inner  rim,  h\  which  is  loose  upon  the  shaft,  f,  and  drives  by 
friction  the  outer  ends  of  the  pawls,  fj.  The  inner  ends  of  the  pawls  are  at- 
tached to  the  shaft,  f.  When  the  ore  level  on  the  dies  of  the  stamp  batterv  is 
low  enough,  the  tappet  of  the  stamp  strikes  the  buffer,  r,  and  feeds  more  ore. 
The  amount  of  each  movement  is  limited  by  means  of  the  hand  screw,  5.  which 
is  clamped  in  place  by  the  lock  nut,  t    The  feeder  is  sometimes  used  for  other 
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machines  than  stamps,  and  is  then  operated  by  a  cam  and  spring  acting  on  th#' 
lever,  k,  the  amount  of  movement  of  the  lever  being  adjusted  by  hand  screw  antl 
lock  nut ;  or  it  may  be  operated  by  an  adjustable  eccentric  at  the  upper  end  of 
the  rod,  m,  and  in  that. case  the  spring,  I,  is  thrown  out  of  action.  This  machine 
feeds  even  clayey  and  sticky  ores  without  much  difficulty. 

The  Gates  Feeder  (Fig.  487)  consists  of  a  stirrup,  a,  with  curved  bottom, 
hung  by  two  supports,  b,  and  oscillating  beneath  the  chute,  c,  on  top  of  which 
the  feed  hopper  is  set.  In  the  middle  of  the  chute  is  a  fixed  cross  partition,  d, 
which  nearly  touches  the  stirrup,  while  tihe  front  and  back  sides  of  the  chute 
approach  only  within  two  or  three  inches  of  it.  The  stirrup  extends  laterally 
far  enough  beyond  the  two  sides  of  the  chute  to  prevent  the  pressure  of  the  oie 
above  from  discharging  anything  wthen  the  stirrup  is  not  movinp,  but  as  tli 
latter  swings  the  central  partition  forces  out  a  certain  quantity  of  ore  from  eacli 
side  alternately.    At  the  point  e  the  stirrup  is  connected  by  an  arm  to  a  crank 


FIG.  487. — GATES  ORE  FEEDER. 

pin,  which  is  made  adjustable  to  vary  the  rate  of  feed.  This  feeder  was  especially 
designed  for  rolls,  to  be  driven  from  the  roll  shaft;  but  is  adapted  to  various 
other  uses.  A  modification  is  applied  to  stamps,  in  which  case  it  is  driven  by  a 
buffer-rod,  lever  and  linkage.  This  form  discharges  only  from  the  front,  the 
back  of  the  hopper  coming  down  close  to  the  stirrup,  and  forcing  the  ore  out  as 
the  stirrup  swings  backward.  The  machine  is  said  to  successfully  feed  either 
sticky  or  granular  ores. 

The  Roller  Feeder  consists  of  a  horizontal  roller  revolving  slowly  at  the  bottom 
of  a  hopper,  the  discharge  of  which  is  stopped  by  tlie  roller  except  as  the  latter 
carries  out  the  ore.  The  roller  may  have  either  a  smooth  or  a  corrugated  surface, 
and  is  revolved  by  brlt,  rat'^-hot  and  pawl,  or  otherwise.  It  works  well  with  granti 
lar  ore,  but  is  not  so  good  for  sticky  ore.  Among  the  roller  feeders  are  the  Teni- 
pleton  and  the  Hammond.     Roller  feeders  are  shown  in  Figs.  467a  and  468a. 

The  Tnlloch  Feeder  fFi<r.  488)  has  a  shept  iron  hopper  a,  with  a  jerkincr 
chute  6  beneath  it.  This  chute  is  suspended  from  a  frame  by  two  rods  at  the 
sides  and  one  l)ehind.  It  is  given  a  forward  motion  by  the  cam  c,  and  bell  crank 
lever  d;  and  is  then  drawn  back  shnrplv  bv  the  spring:  ^.  The  forward  motion 
carries  a  small  quantity  of  ore  from  the  hopper,  and  the  quick  return  causes  the 
ore  near  the  end  of  the  chute  to  drop  off.  The  quantity  of  ore  fed  at  each  stroke 
is  controlled  by  an  adjustable  arate  at  thp  bottom  of  the  hopper.  The  raachiiie  i« 
also  mounted  for  gravity  stamps,  being  driven  from  a  falling  stamp  by  a  system 
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of  levers.  In  this  case  the  chute  receives  its  sudden  backward  motion  when  the 
Btamp  tappet  strikes  the  buffer-rod,  and  is  then  pushed  forward  by  a  spring. 
The  TuUoch  is  good  for  granular,  but  not  for  sticky  ores. 


FIG.   488. — TULLOCH   ORE   FEEDER. 

Fig.  489  ^hows  a  simple  and  eflFective  feeder  for  dry  and  comparatively  fine 
material.  The  hopper  a  delivers  to  an  inclined  chute  h,  which  is  hinged  at  c 
and  receives  vertical  vibrations  from  the  revolving  octagonal  shaft  (L  The 
shaft  makes  125  to  130  revolutions  a  minute.  The  length  of  the  vibrations  can 
be  varied  by  means  of  the  supporting  cord  and  roller  e. 


FIO.   489. — BUMPING  ORE   FEEDER. 


FIG.  490. — SLIDING  BLOCK  ORE  FEEDER. 


Sliding  ^Block  Feeder.— In  Mill  30  a  sliding  block  feeder  delivers  the  ore 
to  No.  1  rolls.  This  feeder  (Fig.  490)  consists  of  a  plunger  which,  by  means 
of  a  crank  and  connecting  rod  is  moved  forward  and  back  in  a  trough  beneath 
a  hopper  so  as  to  alternately  open  and  close  the  apex  of  the  hopper.  The  plunger 
is  made  of  |-inch  steel  plate  braced  inside.  It  is  10  inchps  hicrh  and^  15  inches 
wide.  As  the  plunger  moves  backward  a  certain  amount  of  ore  drops  in  front  of 
it,  and  on  the  return  stroke  is  pushed  forward  to  the  rolls.  The  total  throw  of 
the  crank  is  IJ  inches.    The  trough  slopes  i  inch  per  foot  toward  the  rolls. 
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Cornish  Feeders  have  no  moving  parts,  but  are  operated  by  the  action  of  a 
stream  of  water  directed  against  a  bank  of  ore.  In  Fig.  491,  a  is  a  chute  with 
its  bottom  sloping  from  the  two  sides  to  the  middle,  6  is  a  pipe  feeding  water 
centrally,  and  c  is  a  hopper.  The  two  sides  and  the  upper  end  of  the  hopper 
are  supported  an  inch  above  the  chute  by  corner  supporte,  while  the  lower  end  d 
reaches  down  to  the  chute.  Ore  being  charged  into  the  hopper,  a  stream  of 
water  from  the  pipe  b  gradually  washes  it  down,  discharging  it  on  both  sides 
of  the  hopper.  To  prevent  backing  up  of  the  water,  followed  by  a  sudden  rush 
of  ore  and  water,  the  chute  must  have  a  considerable  slope,  say  1^  to  3  inches 
per  foot.  The  space  e  must  be  wide,  perhaps  4  inches,  and  the  front  end  of  the 
hopper  reach  to  the  bottom  of  the  chute.  With  the  details  as  shown,  a  granular 
ore  is  delivered  regularly  and  evenly  from  both  sides  of  the  hopper.    The  feeder, 
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PLAN 
FIG.   491. — CORNISH  ORE   FEEDER.       FIQ.  492. — ^DISTRIBUTOR  AT  MILL  22. 


however,  is  not  adapted  for  sticky  ores  or  for  coarse  sizes.  The  deteils  shown 
in  the  figure  are  those  of  a  laboratory  apparatus,  but  the  same  general  principle 
is  used  in  mills. 

Summary. — ^The  following  summary  indicates  the  extent  to  which  mechanical 
feeding  is  used:  Of  31  mills  using  gravity  stamps,  25  use  Hendy  Challenge 
feeders  for  the  stemps,  2  use  roller  feeders,  1  uses  an  undesignated  style, 
and  in  the  3  other  cases  jig  tailings  either  run  to  the  stamps  by  gravity  or 
are  fed  by  hand.  Although  the  principal  use  of  automatic  feeders  is  for  gravity 
stamps,  they  are  also  considerably  used  for  other  machines.  For  example, 
TuUoch  feeders  are  used  for  rolls  in  Mills  26,  32,  34  and  35,  for  the  Bryan  mill 
in  Mill  26,  and  for  trommels  in  Mills  27  and  28.  Hendy  feeders  are  used  for 
rolls  in  Mill  87,  for  Huntington  mills  in  Mills  27  and  28,  and  for  No.  1  trommel 
in  Mill  37.  Roller  feeders  are  used  for  rolls  in  Mills  22  and  91,  for  the  Griffin 
mill  in  Mill  72,  and  for  screens  in  Mill  91.  In  Mill  94  a  Briart  automatic  bar 
screen  (see  end  of  §  270)  feeds  a  breaker. 
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§  625.  Distributors  are  used  for  two  purposes :  to  divide  a  stream  of  ore 
e?enly  between  two  or  more  machines  (mill  distribution) ;  and  to  distribute  the 
ore  erenly  to  a  single  machine  (machine  distribution).  The  object  of  the  first 
is  to  give  each  machine  its  proper  amount  and  kind  of  work;  the  object  of  the 
second  is  to  give  the  right  amount  of  work  to  each  part  of  a  single  machine. 

Mill  Distributors, — ^At  Mill  44  the  pulp  from  each  steam  stamp  is  distributed 
to  four  classifiers  by  a  box  distributor.  The  pulp  enters  at  one  side  by  a  spout 
16  inches  wide.  Oii  the  opposite  side  is  a  delivery  spout,  which  branches  into 
two,  each  of  which  is  6  inches  wide.  A  delivery  spout  6  inches  wide  also  extends 
from  each  of  the  two  remaining  sides. 

In  Mill  33  the  spigot  products  of  the  surface  current  classifiers  are  distributed 
to  two  slime  tables  by  a  box  which  has  two  spigots  and  no  overfiow.  In  Mill  38 
a  similar  box  is  used  to  distribute  the  ore  and  water  from  the  Huntington  mills 
to  three  hydraxdic  classifiers ;  and  in  Mill  39  two  boxes  (each  3  feet  long,  2  feet 
wide  and  2^  feet  deep)  distribute  the  undersize  of  the  4.5-mm.  trommels  to  four 
hydraulic  classifiers.  Distributing  tanks  that  have  an  overflow  of  water  while 
the  ore  is  delivered  from  spigots,  are  described  in  §  339. 

The  Parson's  Distributor  (Figs.  312a  and  312d),  is  used  in  Mill  25.  It  consists 
pf  a  smaller  vertical  cylinder  within  a  larger  one.  The  annular  space  between 
the  two  is  divided  into  segments  by  radial  partitions;  and  each  of  these  seg- 
ments connects  with  the  inner  cylinder  through  a  vertical  slot.  The  feed  ore 
enters  the  bottom  of  the  inner  cylinder  from  a  centrifugal  pump  below,  passes 
through  the  slots  into  the  segmental  compartments,  and  is  discharged  from  these 
through  pipes  screwed  into  the  bottom.  Dimensions  are  shown  in  the  figure. 
A  similar  method  is  used  for  slime  table  pulp  in  Mill  44,  the  pulp  being  delivered 
upward  from  a  centrifugal  pump  througn  the  bottom  of  a  square  box,  from  each 
side  of  which  a  pipe  conducts  the  material  to  a  slime  table. 

In  Mill  22  the  oversize  of  No.  2  and  No.  3  trommels  is  distributed  to  jigs  by  a 
series  of  baffle  plates  and  swinging  partitions,  as  shown  in  Fig.  492.  The  ore 
is  evenly  distributed  across  the  apparatus  by  passing  over  the  baffle  plates  P, 
and  is  then  divided  by  the  three  swinging  boards  B,  and  discharged  through  the 
four  holes. 

In  Mill  78  the  overflow  from  the  classifier  is  divided  up,  for  the  canvas  tables, 
at  the  point  of  overflow  (see  Fig.  256a),  instead  of  being  conducted  a  considerable 
distance  in  a  launder  before  being  divided.  The  advantage  of  this  method  is 
that  the  overflow  of  the  classifier  is  uniform  all  the  way  across  the  stream,  but, 
after  it  has  run  some  distance  in  a  launder,  the  heavier  or  the  larger  grains  are 
likely  to  all  concentrate  in  the  center  or  at  one  side. 

In  Mill  20  the  overflow  of  the  hydraulic  classifier  is  distributed  to  the  vanners 
by  a  distributing  trough,  from  the  bottom  of  which,  at  successive  points,  l^-inch 
pipes  extend  downward.  The  amount  discharged  through  each  of  these  pipes  is 
oontrolled  by  a  button  which  can  be  swung  over  the  top  of  the  pipe.  A  dam  made 
^f  a  piece  of  J-inch  board,  extendis  across  the  trough  just  beyond  each  pipe  to 
form  a  pocket  that  shall  assist  the  pipe  to  get  its  proper  share  of  pulp. 

Machine  Distributors. — ^A  common  method  of  distributing  the  spigot  product 
of  a  classifier  across  the  feed  end  of  a  jig  is  to  let  the  material  discharge  on  a 
sloping  fan-shaped  apron,  the  wide  lower  end  of  which  is  the  same  width  as  the 
jig  screen.  In  Mills  22,  31,  32,  35  and  47  the  slime  tables  are  fed  by  fan- 
shaped  distributors  with  diverging  blades.  At  Mill  78  this  same  form  is  used 
for  canvas  tables,  with  the  addition  of  a  dam  at  the  foot  of  the  distributor,  per- 
forated with  small  holes  2  inches  apart.  (See  Fig.  4016.)  In  Mill  86  fine  pulp 
is  distributed  to  a  classifier  by  a  fan-shaped  apron  with  diverging  blades  fol- 
lowed by  diamond-shapf^i}  dividing  IbJ^cks.     (See  Fig.  257a.) 
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Th6  Woodbury  vanner  uses  a  special  form  of  distributor,  which  consists  of  a 
revolving  pot  delivering  through  a  spout  to  the  successive  divisions  of  a  fan- 
shaped  distributor  with  radiating  blades.  (See  Fig.  387.)  In  Mill  61  an  adjust^ 
able  conveyor  is  used  to  distribute  the  ore  to  different  parts  of  a  bin.  (See  §  637.) 
The  distributors  used  between  gravity  stamps  and  amalgamating  plates  are 
described  in  §  521. 

In  Mill  91  an  effective  device  (Fig.  493)  is  used  to  evenly  distribute  the  ore 
to  the  drier,  after  being  reduced  to  a  maximum  diameter  of  about  i  inch  (12.7 
mm.).  The  ore  being  fed  in  quantity  into  the  hopper,  1,  is  divided  into  a  number 
of  streams  by  the  diverging  partitions,  2,  at  the  bottom  of  Which  is  the  X-shaped 
divider,  3.  Each  of  the  upper  arms  of  the  X  is  a  series  of  alternate  dams  and 
openings,  each  dam  on  one  side  being  opposite  a  space  on  the  other  side;  but 
the  two  lower  arms  of  the  X  have  no  openings.  The  ore  is  thus  divided  into  a 
number  of  streams^  half  of  which  go  to  the  right  and  half  to  the  left^  and  are 
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FIG.  493. — ^Edison's  distributor. 

discharged  upon  the  two  dividers,  4,  the  dams  of  which  lap  half  way  on  the 
openings  of  the  divider,  3.  The  same  division  of  the  ore  continues  through  the 
dividers  4,  5,  6  and  7,  the  result  being  that  the  ore  is  distributed  in  a  large 
number  of  equal  streams. 

Water  Regulators. 

§  626.  It  is  important  that  water  should  be  supplied  to  all  the  machines  under 
a  constant  head.  Without  this  it  is  impossible  to  regulate  the  supply  to  the 
machines.  The  best  way  to  get  a  constant  head  is  to  have  a  large  supply  tank 
which  constantly  overflows.  Wherever  several  machines  draw  water  from  tho 
same  pipe,  this  pipe  must  be  so  large  that  the  regulation  of  water  on  one  machine 
affects  only  slightly  the  quantity  supplied  to  the  others.  Strainers  to  remove 
sticks  and  other  obstructions,  must  be  used  on  pumps  lifting  water  to  supply 
tanks,  and  it  will  often  be  necessary  to  use  fine  strainers  on  the  pipes  connecting 
the  supply  tanks  with  the  machines  where  very  close  regulation  of  water  is  needed. 
The  reader  is  referred  to  Trautwine's  Civil  Engineer's  Pooketbook,  and  to  Kent's 
^fochanical  Engineer's  Pocketbook,  for  rules  and  formulae  for  planning  pipes 
for  mill  work. 

To  get  the  right  quantity  of  water  on  starting  after  a  stop,  dial  cocks  are  very 
convenient.     They  have  been  adopted  by  several  manufacturers  for  the  cocks 
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supplying  hydraulic  water  to  classifiers.  Another  method  is  the  two-cock  sys- 
tem: one  cock  is  permanently  set  for  a  desired  quantity  of  water,  while  the 
other  is  used  to  let  on  and  shut  off  the  water;  in  place  of  the  first  cock  a  pipe 
union  with  a  perforated  disk  of  metal  may  be  used,  the  size  of  the  hole  in  tne 
disk  being  such  that  it  will  pass  the  quantity  of  water  desired. 

Appliances  for  Conveying  and  Elevating  Ore  and  Water. 

Ore  or  sand,  with  or  without  water,  may  be  lifted  and  conveyed  in  a  number  of 
ways:  by  conveyors,  bucket  and  platform  elevators,  sand  wheels  and  pumps. 


conveyors. 

§  627.  There  are  two  chief  classes  of  conveyors :  1st,  those  of  the  endless  belt 
type,  which  move  forward  with  the  product  to  be  conveyed  (for  example,  rubber 
belts,  chain  belts  with  pans,  chain  belts  with  buckets,  chain  scrapers  moving  in 
troughs) ;  and  2d,  those  in  which  the  product  is  moved  by  the  propelling  motion 
of  a  screw  thread  or  by  the  jerking  of  an  oscillating  tube  or  trough.  Those  of  the 
first  class  are  used  for  conveying  on  an  up  grade  as  well  as  on  a  level  or  a  down 
grade;  those  of  the  second  only  for  level  or  down  grade. 

Rubber  Belt  Conveyors,  which  are  more  commonly  used  than  any  other 
form,  consist  of  endless  belts  running  on  two  large  pulleys  or  drums,  and  with 
intermediate  supporting  rollers.  The  belts  have  to  be  of  special  quality  of  rubber 
to  withstand  the  wear,  while  cotton  duck  furnishes  the  strength.  The  greatest 
wear  comeB  on  the  middle  portion  of  the  belt,  and  to  overcome  this  the  Robins 
belt  has  a  thicker  layer  of  rubber  in  the  center. 

The  dgsign  of  the  supporting  and  guiding  rollers  is  important.  There  are  five 
different  designs:  in  the  five-roller  form  (Robins,  Fig.  494)  1  is  the  main  sup- 
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FIG.  497. 


FIG.  496. 


porting  roller,  2,  2  give  the  belt  a  trough  shape,  and  3,  3  guide  the  belt.  In 
the  four-roller  design  (Jeffrey,  Pig.  496),  1,  1  support  the  belt  and  give  it  a 
trough  form,  while  2,  2  guide  the  belt.  The  conical  troughing  roller  (Robins, 
Fig.  496)  is  not  suitable  for  belts  more  than  14  inches  wide,  because  the  un- 
avoidable slip  on  the  befveled  portion  of  the  roller  wears  the  belt.  With  the 
single  roller  with  skirt  boards  (Fig.  497)  the  ore  is  prevented  from  creeping  off 
the  edge  by  the  skirt  boards  1,1,  but  the  belt  is  apt  to  be  cut  by  lumps  that  be- 
come wedged  beneath  the  skirt  boards.  With  the  plain,  single  roller  without 
-kirt  boards,  the  belt  can  carry  only  a  thin  layer  of  ore,  and  therefore  the  ca- 


860  ORB  DBE88ING.  §  627 

pacity  is  small  compared  with  the  other  forms.  In  these  last  two  fonns  the  belt 
is  guided  by  the  end  rollers,  which  are  made  crowning  in  the  center.  The  sup- 
porting rollers  are  placed  near  together  (4  to  6  feet  apart,  according  to  the 
amount  of  ore  carried)  to  avoid  sagging  of  the  belt.  The  idlers  beneath,  for  the 
return  of  the  belt  may  be  twice  as  far  apart  as  the  upper  set,  and  may  be  simple 
flat  rollers,  whatever  the  design  of  the  upper  set. 

It  is  better  to  apply  the  power  at  the  delivery  end  than  at  the  receiving  end, 
because  in  that  case  the  tight  part  carries  the  ore.  The  pillow  blocks  of  one  of 
the  end  rollers  should  be  adjustable  by  set  screws,  to  take  up  slack  in  the  belt 
The  driving  pulley  should  be  of  suflScient  diameter  to  transmit  the  power  without 
slipping.  In  order  to  lessen  the  wear  on  the  belt  the  ore  should  be  delivered  to 
it  with  as  little  drop  and  at  as  small  an  angle  as  possible,  and  should  be  moving 
forward  with  the  same  velocity  as  the  belt.  In  Mill  92  the  ore  from  No,  1 
breaker  is  separated  by  a  screen,  the  fine  falling  upon  the  belt  first,  and  so 
protecting  it  from  the  tearing  action  of  the  coarse  lumps. 

Rubber  belt  conveyors  usually  discharge  at  one  end,  but  at  Mill  84  the  ore  is 
discharged  at  any  desired  point  along  the  side  by  fixing  an  oblique  scraper  at 
that  point.  The  Robins  Conveying  Belt  Co.  make  special  trippers  for  this  pur- 
pose in  which  the  belt  moves  up  a  short  incline  to  a  roller,  then  passes  downward 
and  backward,  and  around  another  roller,  and  again  moves  along  in  its  normal 
direction.  In  making  the  reverse  turn  at  the  top  the  belt  delivers  its  load  into 
a  side-discharging  hopper.  The  tripper  is  so  constructed  as  to  move  back  and 
forth  automatically,  and  thus  distribute  the  ore  in  a  long  bin ;  but  it  may  also 
be  set  to  deliver  all  the  ore  at  any  one  place. 

The  belt  conveyor  in  Mill  61  is  arranged  to  distribute  the  ore  in  the  bin,  which 
is  52  feet  long.  The  conveyor  is  29  feet  long,  and  the  frame  that  supports  it 
runs  upon  a  truck,  and  can  be  rolled  in  the  direction  of  its  length  so  as  to 
deliver  the  ore  to  different  parts  of  the  bin.  Power  is  applied  at  the  receiving 
end  by  means  of  a  repe  and  grooved  pulley,  with  a  take-up  whidb  allows  the 
truck  to  move  to  different  positions.    The  belt  runs  in  either  direction. 

Pan  or  Plate  Conveyors  consist  of  a  series  of  steel  pans  or  plates  riveted 
or  bolted  to  link  belts.  In  some  cases  rollers  are  attached  to  the  link  pins,  oit^ 
on  each  side  of  each  pan,  to  support  the  conveyor;  in  other  cases  the  pans  run 
upon  stationary  rollers.  At  each  end  of  the  conveyor  the  belts  pass  over  poly- 
gonal sprocket  wheels,  and  power  is  received  through  the  one  at  the  delivery  end. 
Edison  puts  in  an  extra  sprocket  w'heel  near  the  end  so  as  to  drive  by  a  direct 
pull.  These  sprocket  wheels  also  serve  to  guide  the  belt.  The  pans  have 
rectangular,  flat  bottoms,  and  may  have  sides  flaring  upward.  If  the  conveyor 
has  little  or  no  slope  the  pans  are  open  at  the  front  and  back,  and  the  front  edge 
laps  on  the  rear  edge  of  the  preceding  pan  in  order  to  prevent  any  ore  from 
dropping  through.  If,  however,  the  conveyor  has  an  appreciable  slope  upward 
the  pans  have  raised  backs.  When  simple  flat  plates  without  raised  sides  arc 
used,  they  require  skirt  boards  along  the  sides  to  prevent  the  ore  falling  off. 

A  Scraping  Conveyor  consists  of  a  series  of  steel  scrapers  riveted  or  bolted 
to  the  links  of  an  endless  chain,  and  drawn  along  in  a  steel  trough.  In  some  easels 
rollers  attached  to  the  link  pins  run  on  a  track  and  keep  the  scrapers  off  the 
bottom  of  the  trough.     In  other  cases  the  scrapers  move  along  on  the  bottom. 

A  Bucket  Conveyor  consists  of  a  series  of  steel  buckets  hung  on  trunnions 
between  two  parallel  link  bolts  in  such  a  manner  that  the  buckets  remain  upright 
in  whatever  direction  they  move.  As  the  buckets  move  continuously  they  re- 
quire special  arrangements  for  filling,  and  they  can  be  emptied  at  any  point  b\ 
automatic  tipping  arrangements.  They  are  considerably  used  in  coal  storage 
plants. 


§  627 


ACCESaOBT  APPARATUS, 


861 


In  Mill  26  a  conveyor  is  used  consisting  of  ordinary  elevator  buckets  fastened 
to  a  rubber  belt  It  rises  16  feet  in  a  length  of  47  feet  6  inches,  and  runs  240 
ft^et  per  minute.  The  belt  is  old  belt  from  No.  1  or  No.  2  elevator.  The  cups 
are  7  inches  long,  4^  inches  wide  and  4^  inches  deep  made  of  No.  2  (Birming- 
ham Wire  Gauge)  steel  and  placed  20  inches  apart.  They  cost  $0.60  each 
and  last  1  to  2  years.  The  head  pulley  is  28  inches  diameter  and  the  boot  pulley 
is  24  inches.    The  cost  of  repairs  other  than  for  cups  is  nominal. 

The  Edison  distributing  conveyor  is  a  bucket  conveyor  with  narrow  transverse 
slots  running  the  full  length  of  the  bottom  of  the  buckets.  The  buckets  are 
suspended  between  links  \rtiich  join  the  axles  of  the  carrying  wheels,  and  their 
bottoms  are  about  3  inches  above  the  bottom  of  a  long  trough  that  has  a  number 
of  transverse  discharge  slots  at  suitable  intervals.  In  Mill  91  the  buckets  are 
2  feet  7  inches  long,  6^  inches  deep,  and  about  8  inches  wide;  and  the  axles 
of  the  wheels  are  1  foot  from  center  to  center.  When  the  conveyor  is  first  started 
a  certain  amount  of  ore  distributes  itself  along  the  trough  up  to  the  bottoms  of 
the  buckets.  The  buckets  move  along  this  false  bottom,  discharging  their  con- 
tents through  the  slots  in  the  trough  beneath.  Each  slot  receives  about  the 
same  quantity  of  ore  from  each  bucket  until  the  latter  is  empty.  The  lower 
edge  of  the  bucket  is  chilled  to  withstand  wear.  The  conveyor  is  driven  by  a 
sprocket  wheel  on  the  straight  part  of  the  chain  near  one  of  the  end  sprocket 
wheels.  Each  journal  has  a  dust  tight  oil  reservoir  on  it.  (See  Fig.  529.) 
One  of  these  conveyors  at  Mill  91  is  350  feet  long,  has  a  speed  of  150  feet  a  min- 
ute and  a  capacity  of  600  tons  per  hour.  It  requires  5  horse  power  when  run- 
ning empty,  and  but  little  more  when  running  full. 

Table  370  shows  the  dimensions  and  kinds  of  belts  used  for  conveyors  in  some 
of  the  mills. 

TABLE    370. — ENDLESS    BELT    CONVEYORS. 


Mill  Number. 

GonT«yor  No. 

Length. 
Feet  Inches. 

Width  of  Belt 
Inches. 

Kind  of  Belt 

Speed. 
Feet  per  Minute. 

w 

Old  rubber  elevator  belt. 
Pana 

840 

30 

1 
9 

« 

(a) 
(6) 
10 
90 
12 
18 
31 

80 

W 

PansCc) 

60 

43 

7          8 
29 

6-ply  rubber 

86 

61 

Rubber 

94 

Old  rubber  belt 

28 

90          ........ 

Rubber 

118 

91 

1 
8 

4 
« 

RobinB  rubber 

91       

8fiO 
600 
60 

Ekliflon  fksraper 

150 

91 

Edison  buckets 

160 

91                 

Edison  buckets. 

150 

(a)  S^  Inches  at  top«  81  inches  at  bottom,  6  inches  deep,    (b)  88^  inches  at  top,  81  inches  at  bottom,  8 
Inches  deep,    (c)  These  pans  have  backs  5  inches  high,  because  the  conveyor  has  an  upward  slope  of  89"  SO'. 


Screw  Conveyors  are  revolving  shafts,  horizontal  or  nearly  so,  with  attached 
helical  blades  resembling  screw  threads  which  work  in  serai-circular  troughs. 
They  are  sometimes  used  to  convey  comparatively  fine  dry  ore,  as  for  instance 
in  Mill  94,  where  one  of  them  distributes  the  undersize  of  the  20-mesh  trommels 
to  several  bins.  Their  most  common  use  in  connection  with  ore  treatment  is 
in  dry  crushing  silver  mills,  where  they  collect  the  pulverized  ore  from  the  dry 
stamps,  and  carry  it  to  the  elevator  on  its  way  to  the  roasting  furnaces. 

Jerking  Troughs. — At  Mill  44  the  coarse  concentrates  from  the  automatic 
discharges  on  the  coarse  jigs  are  conveyed  to  the  shipping  car  in  a  jerking  pipe. 
This  is  about  2  inches  in  diameter,  slopes  slightly  downward,  and  is  perhaps  30 
feot  long.  It  is  fed  through  a  slot  in  the  pipe  at  the  upper  end  by  a  hopper, 
is  driven  by  a  disk  motion  and  delivers  the  concentrates  to  the  shipping  car. 
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ELEVATORS. 

§628.  The  following  machines  are  used  to  elevate  ore  and  water:  bucket 
elevators,  platform  elevators,  sand  wheels  and  various  forms  of  pumps. 

Bucket  Elevators  are  used  for  gravel  or  sand,  with  or  without  water.  They 
are  endless  belts  with  buckets  attached,  running  upon  two  pulleys,  one  above 
and  one  below.  The  direction  of  lift,  in  different  cases,  varies  from  vertical  to 
an  inclination  of  perhaps  15°  or  20®  toward  the  downcoming  side.  With  an 
inclined  belt,  intermediate  supporting  rollers  are  provided  for  the  upgoing  side 
of  the  belt.  The  upper  pulley  generally  drives  the  belt,  receiving  power  firom  a 
side  pulley.  The  lower  pulley  is  hung  in  sliding  boxes,  which  can  be  moved  by 
tension  screws  to  tighten  the  belt.  The  whole  is  often  housed  in  a  tight  box, 
the  lower  part  of  which  is  called  the  boot,  and  is  provided  with  a  receiving  spout. 
The  boot  sometimes  extends  beyond  the  rest  of  the  housing  and  is  open  at  the  top. 
There  are  doors  in  the  housing  to  permit  repairs,  oiling  and  cleaning.  Some 
mills  have  semi-circular  metal  boots  made  so  as  to  be  dropped  for  ease  of  cleaning, 
etc.  The  buckets  on  the  belt  come  down  on  the  under  side,  scoop  up  the  ore  from 
the  boot  as  they  turn  on  the  lower  pulley  (or  receive  the  ore  directly  from  a  spout 
just  after  they  turn  the  pulley),  carry  it  to  the  top  on  the  upper  side  of  the  belt, 
and  throw  it  out  to  the  discharge  spout  by  centrifugal  force  as  they  pass  over  the 
top  pulley.  The  discharge  spout  should  be  covered  for  a  few  feet,  to  confine  the 
ore  in  the  spout.  In  order  to  prevent  excessive  wear  at  the  point  where  the  ore 
strikes  the  spout,  it  is  well  to  construct  the  latter  so  that  a  protecting  cover 
of  ore  shall  be  retained  at  that  point.  If  this  is  not  done  the  wear  may  be  taken 
by  a  cast  iron  plate.  The  speed  of  travel  must  be  such  that  the  buckets  will 
throw  their  contents  far  enough,  by  centrifugal  force,  to  make  a  clean  discharge. 
The  belt  speeds  found  in  the  mills,  with  a  few  exceptions,  range  from  200  to  400 
feet  a  minute,  300  feet  being  the  most  common  figure. 

As  elevators  are  subject  to  a  good  deal  of  wear  they  should  be  inspected  fre- 
quently. Six  of  the  mills  report  that  inspections  are  made  daily,  one  every  three 
days,  one  weekly,  one  monthly,  and  one  whenever  the  mill  is  stopped  for  any 
considerable  time. 

The  belt  is  usually  of  rubber.  .Of  30  mills  using  bucket  elevators,  26  use 
rubber  belts,  3  have  malleable  iron  link  belts  and  1  has  wire  ropes.  The  material 
for  rubber  belts  should  l^e  of  special  quality,  having  an  extra  coating  of  rubbi^r 
to  withstand  the  wear  of  the  ore.  The  ends  of  the  belt  are  laced  together  in 
the  usual  way,  and  the  buckets  are  riveted  or  bolted  to  the  belt.  The  space* 
between  the  buckets  vary  in  the  mills  from  12  to  24  inches  between  centers,  with 
one  exceptional  case  of  36  inches.  The  belt  is  usually  wide  enough  to  extend 
i  inch  or  1  inch  beyond  the  buckets  on  each  side.  The  life  of  rubber  belts,  given 
in  Table  371,  is  from  2  months  to  4  years.  This  great  range  is  largely  due  to 
differences  in  the  amount  of  ore  handled,  and  in  the  amount  of  idle  time ;  but  it 
is  also  partly  due  to  different  qualities  of  belt. 

The  Gandy  belting,  used  for  elevators  in  Mill  92,  is  made  of  cotton  duck  with 
\  numl)er  of  longitudinal  rows  of  stitching.  The  warp  threads  are  larger  than 
:he  woof  threads,  for  the  sake  of  strength.  After  the  belt  has  been  stitched  it 
is  thoroughly  saturated  with  linseed  oil,  and  then  painted. 

Link  belts  are  of  two  kinds :  the  pin-and-link,  and  the  detachable  link,  in  which 
the  cross  bar  of  one  link  mates  with  the  one  or  two  hooks  of  the  next.  The 
buckets  are  riveted  or  bolted  to  the  links  of  the  chain.  This  form  of  belt  has 
the  advantage  of  great  strength ;  all  parts  are  nearly  equally  strong.  They  have 
no  weak  point  like  the  lacing  of  the  rubber  belt.  Their  diisadvantage  is  in  the 
wear  of  metal,  due  to  grit.  This  is  particularly  true  when  they  are  run  wet. 
The  chains  usually  run  over  sprocket  wheels,  though  with  special  forms  of  links 
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TABLE    371. — ^BUCKET   ELEVATORS. 
Abbreviations.~Ft.=feet;  In.=ixiche8. 


If 

s 

1 

"I 

Belts. 

Buckets. 

i 

Material. 

Life. 

J 

i 

1 

|ll 

Material. 

Life. 

10-1 

Ft. 

Inches. 

In. 
18 
18 

6 
18 
18 
18 
10 
10 
16 
10 

6 
12 

8 

ii' 

14 
18 
12 
18 

Belt 

In. 

In. 

In. 

In. 

2B 
00 
15 
38 
16 
81 

14* 
80 

20* 

18 

»■ 
26 

"ao** 

80 
80 
84 
94 
84 
84 
a  80, 84 

"io" 

80 
80 
80 
80 

%\ 

4i 

I* 

ISl 
16 

5-ply  rubber. . . 

40  weeks. . . 
8to4years. 

888 
800 
800 
840 
860 
860 
820 
800 
68 
105 
840 
840 
800 
800 
800 
800 

18 
8 
8 

7 
5 
5 

6 
5 
5 

16Mi 

Pressed  steel 

8  years. 
8  years. 

17 

18 

Rubber. 

8-ply  rubber. . . 
6-pIy  rubber. . . 

0  weeks.... 

9 

5 

5 

18 
84 
21 
81 
80 
84 
16 
86 
84 
84 
84 
84 

Pressed  steel 

0  weeks. 
60-180  days. 
6-8  months. 

21-1 

4-pIy  rubber. . . 

4-ply  rubber... 
10-piy  rubber.. 
8-ply  rubber. . . 
O-plj  rubber... 

84  weeks... 

6  months . . 

10  months.. 

44 

G  months..'. 

8  months!!! 
8  months... 

10 
6 
10 
18 
18 
10 
18 
18 

6 
8 

f 

7 

4 

"4* 
4 
6 
6 
6 
6 

2 

94 

25 
28-1 
2 

Riveted  sheet  steel 
Pressed  steel 

24  weeks. 
10  months. 
18  months. 
6  months. 
18  months. 

27-1 
2 

Malleable  iron.... 

8  months. 

8 

4 

ft 

S!)-1 

18 
10 
16 
18 
18 

8 
18 
18 
14 
18 
18 
12 
12 
18 
16 
16 
12 
18 
10 
12 
12 
14 
12 
18 
12 
80 
80 
18 
18 
18 
12 

8 
14 
18 
16 

Belt 

lOH 

8 
14 
10 
10 
11 
11 
11 
14 
10 
10 
10 

11 
11 

0 

• 

2 

4» 

90-1 

2B 

a  94.80 
84 

■■4a" 
86 
86 

■'46" 
40 
48 
48 
84 
86 
80 
86 



86 
86 

86    • 

86 

86 

7-ply  rubber... 
6-ply  rubber. . . 

80-84  weeks 
24  weeks... 

875 
800 

— 

82 
81 
84 
16 
16 
16 
82 
18 
18 
18 
16 
16 

16  weeks. 

2      12 

16  weeks. 

8      80 

31-1       88 

7-ply  rubber. . . 

18  weeks... 

800 
800 
800 
800 
812 



2 

38 
80 
SO 

8 

SS 

8-pIy  rubber... 
5-ply  rubber... 

5  months... 

6  months. 

34-1 

6 
6 
6 
6 
6 

..!! 

2       9u 

8 

83 
40 

40 

7-ply  rubber... 

24  weeks!!! 

S20 
470 

35-16 
2 

Malleable  iron 

Se  weeks. 

87-1 

Belt 

2     .... 

• 

SS^lc    SO 

8-ply  rubber... 

80  weeks... 
84  weeks. . . 
16  weeks... 
14  weeks. . . 

850 
800 
400 
400 
400 
868 
858 

11 

12 
10 
18 
18 
18 
18 
18 
18 
18 
18 

6 
7 
6 
7 
7 
7 
7 
7 
7 
8 
8 

. . . . 

16 
15 
18 
18 
12 
15 
16 

15  weeks. 

2 

80 
80 
86 
66 

60 
»% 

ii' 
'45" 

80 
30 
28 
41 
2S 
48 

40  weeks. 

8»-1 

10  weeks 

2 
4 

14  weeks. 

401 

2 
8 

lO-ply  rubber. . 

Smcmths... 
16  weeks... 
86  weeks... 

Malleable  iron.... 

16  weeks. 
16  weeks. 
58  weeks 

4 
5 

10-ply  rubber. . 

84  weeks... 

400 

16 
16 
16 

Maiieabie  iron  ! ! ! ! 

58  weeks. 

8 
42-1 

w 

48  weeks... 

400 
800 
800 
860 

44 

5-6  years. 

8 

8-ply  rubber... 

11 
10 
10 
8 
12 

10 

5 

7 

10 

48-1 
2 

6  ply  rubber. . . 
•» 

18  months.. 
44 

12 

Malleable  iron.... 

2  years. 

8 

4 

UJT  rubber... 

8  months... 

(tt((f) 

270 
840 

6 

84 

«-l 

46 

44 

8? 

44 

H^lf 

8 
10 
if) 

44 

10 
12 
5 
96 
S4 
24 
10 
6 
4 
10 

2 

86 
40 
00 

44 

90 

Link  belt 

100 
160 

8 
18 
18 
18 
6 
4 
8 
6 

Sl-1 

Wire  rope 

18 
7 
7 

2 

84 
24 
12 
16 
16 
14 

4 

860 
146 
860 
20 
480 

92-2 

8.ply"<Lidy" 

4 

6 

4 
10 

fiM 

7 

(a)  These  are  the  diameters  of  the  top  and  bottom  pulleys  respectively.  (6)  Carries  250  to  800  tons  of  ore 
b  84  houn.  (c)  Carries  160  tons  of  ore  in  84  hours,  (d)  Two  of  these  elevators.  One  carries  66  tons  of  sand 
wd  880  tons  of  water:  the  other  carries  44  tons  of  sand  and  840  tons  of  water  in  84  hours,  (e)  Carries  186  tons 
of  on  in  )M  boors.  (/)  The  links  are  6  inches  wide,  (y)  This  is  a  smooth  pulley.  (A)  Eight  wire  ropes  8^  inch 
adiaawcer.   (0  Heavy  steel  chain. 
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smooth  wheels  are  used.  Link  belt  elevators  are  sometimes  provided  with  special 
dumping  devices  which  do  not  require  centrifugal  force  to  discharge  them,  an<l 
they  can,  therefore,  be  run  at  a  slower  speed  than  is  necessary  with  rubber  Ix^lt-. 
The  reader  is  referred  to  the  catalogues  of  manufacturers  for  these  devices. 

Wire  rope  has  displaced  the  usual  rubber  belt  for  elevators  in  Mill  91.  Eight 
wire  ropes  J  inch  in  diameter  are  held  at  proper  distances  apart  by  a  series  of 
transverse  iron  grooved  clamps  with  bolts ;  and  the  buckets  are  attached  to  these 
clamps.  The  ropes  are  very  flexible  (probably  that  known  as  tiller  rope),  and 
run  over  smooth  pulleys  38  inches  in  diameter.  When  the  elevator  has  a  slope 
the  buckets  carry  flanged  wheels,  which  run  on  side  tracks ;  but  when  the  elevator 
is  vertical  the  belt  is  kept  tight  by  a  1,000-pound  weight  suspended  from  the 
boxes  of  the  lower  pulley.  Mr.  Edison  reports  that  for  No.  2  elevator  a  rubber 
belt  lasted  three  days  and  a  link  belt  lasted  a  week,  while  the  wire  rope  elevator 
lasts  indefinitely.     It  should  be  said,  however,  that  the  ore  is  not  wet. 

The  buckets  for  elevators  are  made  of  pressed  steel,  riveted  sheet  steel,  or 
malleable  iron.  The  lists  of  the  JeflPrey  Manufacturing  Company  show  buckets 
of  any  width  (that  is,  projection  from  the  belt)  from  2  to  8  inches;  of  any 
length  (that  is,  dimension  across  the  belt)  from  2  to  26  inches;  and  of  any  thick- 
ness of  plate  from  0.083  to  0.203  inch  (No.  14  to  No.  6  B.  W.  G.).  The  depths 
are  not  stated.  In  all  cases  the  buckets  are  water  tight,  except  when  it  is  desired 
to  raise  the  ore  and  leave  the  water  behind,  and  then  the  buckets  are  perforated. 

The  capacity  of  a  bucket  elevator  depends  on  the  size  of  the  buckets,  the  space 
between  the  buckets  and  the  speed  of  travel.  The  following  figures,  for  the 
common  sizes  of  buckets  used  in  the  mills  are  based  on  data  from  the  catalogue 
of  the  Jeffrey  Manufacturing  Company.  The  buckets  are  assumed  to  be  Ti 
inches  between  centers,  and  the  speed  300  feet  a  minute.  It  is  also  assumed 
that  every  bucket  is  full ;  but  as  the  feed  to  elevators  is  never  perfectly  regular 
a  liberal  margin  has  to  be  allowed  on  these  theoretical  capacities.  The  manufac- 
turers, in  making  estimates,  sometimes  deduct  as  much  as  20  or  30%. 


Buckets. 

Capacfty.  Cubic 
Feet  per  Hour. 

Buckets. 

Capacity.    Cubic 
Feet  per  Hour. 

I>nfi;tb  Acron 
the  Belt.  Inches. 

Projection  from 
the  Belt.  Inches. 

Length  Across 
the  Belt.  Inches. 

Projection  from 
the  Belt.  Inches. 

6 
8 
9 
10 

4 
6 
6 
6 

510 
1,880 
1,410 
8,275 

11 
IS 
14 
18 

6 
7 
7 
8 

S.600 
t,G65 

4.160 
COO 

Platform  Elevators. — As  a  rule  these  are  used  only  where  material  comes 
irregularly,  or  where  it  is  more  convenient  to  handle  it  by  carloads.  They  are 
used  for  various  products  in  Mills  27,  28,  64  and  92. 

§  629.  Sand  Wheels  are  vertical  revolving  wheels  that  carry  buckets  on  the 
inside  of  very  wide  rims.  Sand  and  water  are  delivered  to  these  buckets  when 
at  the  lowest  part  of  their  revolution,  from  spouts  on  one  or  both  sides  of  the 
wheel ;  and  discharged  when  near  the  highest  point  into  launders  on  one  or  both 
sides.  These  wheels  are  especially  adapted  to  elevating  mill  tailings  with  water. 
when  there  is  not  enough  fall  to  deliver  them  to  the  depositing  ground  bv  gravity. 
They  are  built  for  varying  lifts,  up  to  about  50  feet.  Small  wheels,  frequently 
called  raff  wheels,  are  also  used  for  low  lifts,  to  return  water  and  sand  for  le- 
treatment,  for  example,  on  the  Wilfley  table,  which  uses  a  little  wheel  2  feet 
9  inches  in  diameter  to  return  its  middlings.  Their  simplicity  of  construction 
and  operation  makes  the  running  expense  much  less  than  for  belt  elevators.  The 
wear  is  reduced  to  that  upon  two  large  journals  and  upon  the  buckets ;  and  the 
wear  upon  the  latter  may  be  made  much  less  than  in  a  belt  elevator,  because  the 
sand  can  be  delivered  to  the  buckets  in  the  direction  of  their  motion,  which  can- 
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not  be  done  with  belts.  The  wheel  is  hung  upon  two  journals,  and  when  small 
i?  driven  by  a  pulley  on  the  shaft.  In  the  ease  of  large  wheels,  the  driving  is 
done  either  by  pinion  and  gear  on  the  circumference  of  the  wheel,  or  by  a  rope 
passing  over  a  large  sheave  constructed  on  the  side  of  the  wheel. 

In  developing  the  practice  at  Mill  44  several  sand  wheels  have  been  used,  and 
one  of  the  later  forms  (Fig.  498)  is  here  described.  It  is  constructed  on  the 
principle  of  the  bicycle  wheel,  with  tension  spokes.  It  has  a  diameter,  outside 
the  buckets,  of  51  feet  4J  inches,  and  at  the  inner  edges  of  the  buckets  a  diameter 
of  47  feet  10  inches.  TTie  total  width  outside  the  buckets  is  11  feet  \  inch.  The 
shaft,  which  is  hollow,  is  30  inches  in  diameter,  turned  to  22  inches  at  the  jour- 
nals.    Each  journal  is  3  feet  4  inches  long,  and  the  total  length  of  the  shaft  is 

23  feet  6  inches.  The  shaft  is  made  in  three  parts,  flanged  and  bolted  together. 
Each  end  section  carries  a  hub  7  feet  2  inches  in  diameter.  Prom  each  of  these, 
eighteen  main  bicycle  spokes  of  3i-inch  rod  extend  radially  to  support  the 
rim.  The  distance  between  the  lines  of  the  two  sets  of  spokes,  where  they 
intersect  the  axis  of  the  shaft,  is  16  feet  and  the  angle  between  them  is  36**. 
The  middle  section  of  the  shaft  carries  a  hub  11  feet  8  inches  diameter, 
with  eighteen  l|-inch  tangential  spokes  to  resist  circumferential  distortion. 
Half  of  these  spokes  are  right  hand  and  half  left  hand.  On  each  side  of 
the  rim  there  are  222  buckets  consisting  of  blades  inclined  36^  to  a  line 
tangent  to  the  circle  at  the  inner  edges  of  the  buckets.  The  blades  measure  3 
feet  11  inches  parallel  to  the  axis  of  the  wheel,  and  2  feet  9  inches  on  the  slope; 
and  the  distance  between  centers,  measured  on  the  circumference  at  the  inner 
edges  is  8^  inches.  For  driving  there  are  on  the  outside  of  the  rim  432  gear  teeth 
with  18-inch  face  and  4.71  inches  pitch.  The  diameter  of  the  wheel  on  the  pitch 
line  is  54  feet,  and  the  diameter  of  the  driving  pinion  is  4  feet  1^  inches  on  the 
pitch  line.  The  wheel  is  run  at  4  revolutions  a  minute,  which  gives  a  velocity 
of  10  feet  a  second  at  the  inner  edges  of  the  buckets.  At  this  speed,  and  when 
delivering  the  total  mill  tailings  (20,000,000  gallons  of  water  and  2,000  tons  of 
sand  in  24  hours)  the  buckets  begin  to  discharge  at  a  point  20  feet  4  inches  above 
the  oenter  of  the  shaft     If  the  water  were  increased  to  30,000,000  gallons  in 

24  hours  the  discharge  would  begin  4  inches  lower. 

Mill  45  has  a  sand  wheel  similar  to  the  above  in  general  design,  but  differing 
in  details.  The  outside  diameter  is  32  feet;  the  diameter  at  the  inner  edges 
of  the  buckets  is  29  feet  4  inches,  and  the  width  outside  the  buckets  is  7  feet. 
The  blades  measure  about  24  inches  parallel  to  the  axis  of  the  wheel,  and  25 
inches  on  the  slope ;  and  the  space  between  them  is  about  12  inches.  Each  blade 
is  inclined  38|^  to  a  line  tangent  to  the  circle  at  the  inner  edges  of  the  buckets. 
The  wheel  makes  one  revolution  in  33  seconds,  and  raises  3,744,000  gallons  of 
water  and  444  tons  of  sand  in  24  hours. 

At  Mill  12  the  oversize  of  the  trommel  is  returned  to  the  rolls  by  a  sand  wheel 
14  feet  in  diameter  and  11  inches  wide.  The  buckets  are  6  inches  deep  radially, 
and  each  blade  is  inclined  45^  from  the  tangent  at  the  inner  circumference.  The 
wheel  runs  at  20  revolutions  a  minute. 

Tailings  wheels  are  quite  largely  used  at  the  gold  mills  of  the  Band,  in  Souih 
Africa,  some  of  them  of  very  large  size.  For  example,  the  Henry  Nourse  (Jold 
Mining  Company  has  a  wheel  60  feet  in  diameter  outside  of  the  buckets."  It 
is  constructed  on  a  steel  shaft  20  feet  long,  14  inches  diameter,  turned  to  12 
inches  diameter  at  the  journals,  each  of  which  is  30  inches  long.  The  spokes, 
which  act  in  compression,  are  of  8  X  4-inch  timber  held  together  by  l-incb 
iron  tiebolts.  There  are  buckets  on  only  one  side.  They  are  lined  with  Amer- 
ican redwood,  which  is  easily  renewed  when  worn.  The  journal  bearings  are 
supported  by  a  pyramidal,  trussed  steel  frame  on  each  side  of  the  wheel.     Driv* 
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ing  is  done  by  wire  rope  passing  over  a  sheave  55  feet  in  diameter,  which  is  con- 
structed on  the  side  opposite  the  buckets. 

The  quantity  of  material  that  a  wheel  will  lift,  other  things  being  equal,  de- 
pends  upon  the  length  and  width  of  the  blades,  or  in  other  words  upon  the 
cubic  capacity  of  the  spaces  between  the  blades.  The  height  to  which  the  con- 
tents of  a  given  size  of  wheel  can  be  lifted  depends  upon  the  slope  of  the  blades, 
and  upon  the  centrifugal  force  due  to  the  peripheral  speed  of  the  wheel.  For 
any  fixed  height  of  discharge  these  two  factors  are  inter-dependent :  as  the  anglt 
between  the  blades  and  the  tangent  to  the  circle  increases,  the  peripheral  spee«l 
must  increase.  To  keep  the  peripheral  speed  down  to  a  moderate  amount  \h 
angle  of  the  blades  may  be  diminished.  The  angle  adopted  in  Mill  44  is  3G\ 
which  has  proved  satisfactory.  This  slope,  independently  of  centrifugal  force, 
enables  the  buckets  to  carry  their  contents  18  feet  7  inches  above  the  center  line 
of  the  shaft  before  they  begin  to  discharge.  The  centrifugal  force  increases  this 
distance  to  20  feet  4  inches.  The  centrifugal  force  increases  as  the  square  of 
the  velocity,  and  therefore  the  faster  the  revolution  the  higher  will  the  buckets 
go  before  discharge  begins,  the  quantity  of  material  in  the  buckets  being  the 
same ;  or  with  the  increased  speed,  more  material  may  be  carried  in  each  bucket 
without  changing  the  point  at  which  discharge  begins. 

Assuming  the  speed  of  revolution  and  the  inclination  of  the  blades  of  the 
wheel  in  Mill  44  as  standard.  Table  372,  has  been  made,  showing  the  capacities 
of  wheels  of  various  diameters ;  the  height  above  the  receiving  point,  at  which  the 
buckets  begin  to  discharge ;  the  number  and  size  of  the  buckets ;  and  the  speeds 
of  revolution.  To  make  this  table,  all  the  data  for  the  47  foot  10-inch  wheel 
were  taken  from  Mill  44;  further,  the  dimensions  for  the  buckets  of  the  4-foot 
wheel  were  assumed  as  shown  in  the  table,  and  the  dimensions  for  the  other 
wheels  were  increased  in  proportion  to  the  increase  in  diameter.  The  speed 
of  revolution  in  each  case  is  such  as  to  give  the  same  centrifugal  force  as  in 
Mill  44,  and  hence  to  raise  the  material  to  the  same  angular  height  above  the 
center  of  the  shaft.  Since  the  figures  are  calculated  instead  of  being  taken  from 
practice,  except  in  the  case  of  the  47  foot  10-inch  wheel,  there  may  be  cir- 
cumstances in  connection  with  the  smaller  wheels  that  will  make  it  necessary  to 
depart  somewhat  from  the  speeds  shown  in  the  table.  This  can  easily  be  ascer- 
tained by  trial. 


TABLE  372. — SAND  WHEELS. 

Diame- 
ter of 
Wheel 
at  Inner 

Beyohi- 
Uons 

MiSwte. 

Velocity 

per 

Second  at 

Inner 

Ft   In. 

Namb'r 

of 
Buckets 
on  Each 
Side  of 

the 
Wheel. 

Measure 
of  Each 
Bucket 
Around 
the  Inner 
Circum- 
ference. 
Inches. 

Width  of 

Each 

Bucket on 

One  Side 

of  Wheel 

FaraUel 

to  the 

Axis. 

Inches. 

Radial 
Degth 

Buckets 
Inches. 

Height  of  Discharge  above  BeceiTing  Points 

per  84  Hours  (including  boUi  Sand 
and  Water). 

Edge  of 
Buckets. 
Ft  In. 

Height 
Ft   In. 

Capacity  in 
GkOlons. 

?.^ 

Capa  Ityin 
Qallooa. 

4-0 
6-0 
8-0 
10-0 
16-0 
80-0 
80-0 
40-0 
47-10 
60-^ 

18.81 
11.87 
9.76 
8.78 
7.18 
6.17 
6.04 
4.87 
4.00 
8.66 

8-10.7 
8-6.5 
4-1.1 
4-6.7 
6-7.8 
0-5.6 
7-11.0 
0-1.7 
10-0 
11-  8.4 

60 
70 
87 
108 
188 
154 
187 
809 
888 
886 

8.08 
8.88 
8.47 
8.70 
4.88 
4.90 
6.06 
7.81 
8.18 
9.58 

6.0 
8.0 
9.8 
11.7 
16.8 
81.0 
80.4 
89.7 
47.0 
68.4 

4.0 
4.7 
6.5 
6.8 
8.0 
9.9 
18.5 
17.8 
80.0 
84.5 

8-8.4 
5—6.6 
7—4.8 
9-8.0 

18-11 

18-0 

87-9 

87-0 

44-8 

60-6 

4,r?l.'/IH5 

8-8.1 
0-6.1 
7-4.1 
9-8.8 

18-9 

18-4 

87-7 

80-9 

48-11 

60-1 

S9K<«& 

1,071  ,ftT9 

l,«5S96i 

8,804  H^ 

4,4SMfin 

7,1»*.S55 

lS,97n.QN6 

a8.6Sr.9r4 

80,100.400 

48,441,988 

To  illustrate  how  this  table  may  be  used,  let  ns  suppose  that  it  is  required  to 
raise  200,000  gallons  of  water  and  tailings  in  24  hours  to  a  height  of  25  feet. 
The  nearest  to  this  in  the  table  is  a  30-foot  wheel  raisinsr  over  9,000,000  gallons 
in  24  hours  to  a  height  of  27  feet  9  inches.    The  wheel  required,  therefore. 
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could  be  somewhat  smaller  than  30  feet  inside  the  buckets ;  and  the  number  and 
size  of  the  buckets  could  be  very  auuch  reduced.  Each  of  the  wheels  shown  in 
the  table  has  a  set  of  buckets  on  each  side,  each  set  having  the  dimension?  indi- 
cated; but  the  wheel  for  the  supposed  case  might  be  built  with  buckets  on  only 


PIG.  499. — SPECIAL  "cataract*'  sand  pump. 


one  side.  The  smaller  wheels  in  the  table  would  naturally  be  built  with  only 
one  set  of  buckets. 

§  630.  Pumps  for  Sand  and  Water. — Centrifugal  Pumps  are  more  used  than 
any  other  form  for  elevating  sand  and  water,  because  they  have  no  valves  or 
plungers  to  be  injured  by  the  grit.  Beside  being  used  in  the  mills  they  are  also 
used  for  dredging. 

A  centrifugal  pump  consists  of  a  set  of  fans  or  blades  carried  on  a  revolving 
shaft  and  enclosed  in  a  casing.    The  material  to  be  elevated  enters  the  casing 


PIG.   500a. — ^LAWRENCE   CENTRIFUGAL  PUMP    (SUCTION  PIPE  REMOVED). 
PIG.   500&. — SECTION  OF   LAWRENCE  CENTRIFUGAL  PUMP. 

centrally  around  the  shaft  at  one  or  both  sides,  is  carried  to  the  circumference 


they  do  not  require  special  foundations.     From  a  number  of  efficiencies  of  cen- 
triftigal  and  plunger  pumps,  Webber^^  concludes  that  the  former  are  the  more 
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efficient  for  lifts  up  to  about  30  feet ;  and  that  the  centrifugal  pumps  intended 
for  considerable  lifts  have  their  maximum  efficiency  at  about  17  feet  lift*  It 
should  be  borne  in  mind,  however,  that  the  efficiency  for  a  given  lift  varies  with 
the  design  of  the  blades  and  casing,  the  size  of  the  pump,  the  speed  of  revolution, 
and  the  speed  of  delivery.  The  discussion  seems  to  indicate  that  the  form  of 
blade  that  will  give  the  best  efficiency  depends  on  the  height  of  delivery  above 
the  pump,  but  generally  the  blade  curves  backward  from  the  direction  of  rota- 
tion, as  shown  in  Fig.  500a.  The  width  of  the  blade  and  casing  commonly  con- 
tracts from  the  center  toward  the  circumference  in  order  to  give  an  approxi- 
mately uniform  speed  of  current;  and  for  the  same  purpose  the  outline  of  the 
casing  has  the  form  of  a  spiral,  as  shown  in  Fig.  500a.  Manufacturers  recom- 
mend definite  speeds  of  revolution  for  each  height  of  lift  with  any  given  pump ; 
and  for  good  work  these  speeds  must  be  adhered  to.  To  deliver  the  water  with  the 
least  friction  the  delivery  pipe  must  be  tangential  to  the  circumference  of  the 
casing,  but  some  pumps  are  still  made  with  radial  discharge  pipes.  The  de- 
livery pipe  should  be  of  such  size  that  the  speed  of  flow  shall  not  exceed  about 
12  feet  per  second.*'  The  efficiency  decreases  at  higher  speeds- 
There  are  certain  differences  in  design  between  centrifugal  pumps  intended  for 
sand  and  water  together,  and  those  intended  for  water  alone.  For  example, 
while  in  the  latter  the  inner  width  of  the  casing  decreases  from  the  center  to  the 
ends  of  the  blades,  in  the  former  the  width  is  made  uniform  in  order  to  prevent 
choking.  When  the  water  carries  sand  or  clay  the  shaft  and  bearings  may  be 
protected  from  grit  by  special  construction,  and  by  a  feed  of  clear  water  through 
the  bearings,  as  is  shown  in  Fig.  499,  taken  from  the  catalogue  of  Joseph  Edwards 
and  Company  of  New  York  City.  It  very  commonly  happens,  however,  that 
pumps  designed  for  water  alone  are  used  for  sand  and  water.  Sand  pumps  are 
often  lined  with  removable  steel  or  chilled  iron  plates  to  take  the  wear. 

When  suction  takes  place  on  each  side  of  the  casing,  as  shown  in  Fig.  5006. 
taken  from  the  catalogue  of  the  Lawrence  Machine  Company,  of  Lawrence,  Mass., 
the  end  thrust  on  the  shaft  is  prevented.  The  sizes  of  some  of  the  pumps  made 
by  this  company,  with  capacities  and  power,  are  shown  in  Table  373.  The  most 
eomtDon  sizes  used  in  the  mills  are  2  to  3-inch  pumps,  these  designations  being 
the  diameters  of  the  discharge  pipes. 

TABLE  373. — ^LAWRENCE  CENTRIFUGAL  PUMPS. 


SuelJoDPIpe. 

KamliiAl  sKbL 

JmOmbb, 

DeUTefyPipei 
Nominal  Ska 

iBdMB. 

EooDomlnal  Capacity 

InGaUons  of  Water 

per  Minute. 

Vnlodtj  Of  Water, 

in  Feet 

per  Second. 

Horse  Power  for  Each 
FOotof  Lift 

6 

8 

JH 

70 

100 

950 

460 

1,900 

9,000 

U.O 
9.6 
10.0 
11.8 
18.8 
19.8 

0.05 
0.06 
0.16 

o.9r 

0.66 
1.10 

The  proportion  of  sand  or  gravel  that  can  be  discharged  with  water  depends 
on  the  velocity  of  the  water  in  the  suction  and  discharge  pipes,  the  size  of  the 
particles  and  their  specific  gravity.  At  Mill  25  one  pound  of  ore  is  raised  with 
every  l.li5  gallons  of  water,  so  that  about  3^%  of  the  total  volume  is  ore.  The 
maximum  size  of  the  grains  is  J  inch  (6.4  mm.).  This  is  the  coarsest  material 
for  which  centrifugal  pumps  are  used  in  any  of  the  mills  in  the  author's  list. 
Of  the  13  mills  using  such  pumps,  8  use  them  only  for  slime  table  pulp  (maxi- 
mum diameter  about  0.25  mm.). 

The  average  volume  of  sand  raised  by  an  Andrews  dredging  pump,  with  two 
6-inch  suction  pipes  and  one  9-inch  discharge  pipe,  during  seven  months'  work 

*  He  finds  plnnger  pnmps  more  efficient  for  lifts  greater  than  about  80  feet» 
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at  the  mouth  of  the  St.  John's  rivers  Florida,  varied  from  about  76  cubic  yards 
per  hour  (actual  dredging  time)  in  November,  1871,  to  about  117  cubic  yards  in 
February,  1872,  with  a  final  average  of  about  102  cubic  yards  per  hour  of  actual 
dredging  time.  The  proportion  of  sand  to  the  total  volume  raised  was  generally 
30  to  35%,  and  seldom  exceeded  45%.* 

The  life  of  a  pump  depends  on  the  proportion  of  sand  to  water,  the  quantity 
and  kind  of  sand,  the  size  and  speed  of  the  pump,  and  the  position  of  the  dis- 
charge (whether  radial  or  tangential).  With  the  radial  discharge,  every  grain, 
in  being  discharged,  hits  a  blow  upon  the  side  of  the  orifice  and  wears  it  out 
rapidly.  In  Mill  24  both  shell  and  blades  wear  out  in  37  weeks  in  the  pump  that 
delivers  the  No.  6  jig  middlings  to  the  No.  1  whole  current  classifier.  In  Mill 
25  both  shell  and  blades  wear  out  in  22  weeks  in  the  pump  that  delivers  :}-inch 
(6.4-mm.)  material  from  the  trommel  to  the  No.  1  jigs.  In  Mills  46  and  47 
chilled  cast  iron  linings  wear  out  in  12  months,  and  in  Mill  48  in  6  months, 
and  are  then  replaced  by  new  linings. 

Ore  passing  through  centrifugal  pumps  is  subjected  to  a  grinding  action.  This 
will  be  much  greater  in  pumps  with  radial  discharge  than  in  those  with  tan- 
gential. Seemann'*  reports  the  results  of  four  tests  on  a  pump  with  blades  0.272 
m.  diameter,  running  at  15.6  revolutions  a  second.  In  each  test  120  liters  of 
pulp  were  taken,  both  from  the  feed  and  from  the  discharge,  and  after  settling  for 
a<lay,  1,000  grams  of  the  ore  (dry  weight)  were  sifted  on  a  screen  with  0.2-mm. 
openings.    The  results  were  as  follows : 


Sample. 

Graios  Larger 
than  O.S  mm. 

Grains  SraaUer 
than  0.8  mm. 

Sampto. 

Grains  Larger 
than  0.2  mm. 

than  0.2  mm. 

,  jFeed 

MDiiicharge 

»tFeed 

'iDiacharge 

Grams. 
145 
68 
TO 
17 

Grams. 
8B6 
8»7 
928 

8 
4 

Feed 

Discharge 

Feed 

Dischange 

Grama 

2B0 

146 

48 

80 

Graoaa. 
7B0 
865 
968 
961 

It  is  not  stated  whether  the  pump  had  a  tangential  or  radial  discharge;  what 
kind  of  minerals  were  present;  nor  what  was  the  maximum  size  of  ore  grains; 
but  the  average  of  the  four  tests  shows  that  13.0%  of  the  ore  was  larger  than  0.2 
mm.  before  entering  the  pump,  and  half  of  this  quantity,  or  6.5%  was  ground 
finer  than  0.2  mm.  by  the  action  of  the  pump. 

Figures  on  centrifugal  pumps  used  for  pulp  in  the  mills  are  given  in  Table  374. 

TABLE  374. — CENTRIFUGAL  PUMPS  USED  FOR  ELEVATING  MILL  PULP. 


Mill 
No. 

Diameter  of 

Suction  Pipe. 

Indiee. 

Diameter  of 

Discham 

Pipe.  In<£e8. 

Revolutions 
per  Minute. 

Lift. 
Feet. 

MIU 
No. 

Diameter  of 

Suction  Pipe. 

Inches. 

Diameter  of 

Discharffe 

Pipe.  Incbes. 

Renrfutions 
per  Minute. 

Uft 
reet. 

8 

8 

8 

4 
8 

46 

46 
47 
46 
76 

2 
S 

22 

1,094 
006 
0» 
786 

40 
18 
16 

676 
601 
876 

24 

5 

24 

IS 

96 

10 

44 

§  631.  The  Spiral  Sand  Pump,  made  by  J.  H.  Prenier  &  Son,  of  Rutland,  Ver- 
mont, consists  of  a  spiral  ribbon  of  steel  plate  in  form  like  a  spiral  clock  spring 
(see  Fig.  501).  On  each  side  is  a  steel  disk,  which  is  joined  to  the  spiral  by 
continuous  air  tight  joints,  thus  making  a  spiral  tube  of  steel  with  a  rectangular 
cross  section  of  constant  area  throughout.  It  is  mounted  on  a  hollow  horizontal 
^haf  t,  which  has  an  opening  to  connect  with  the  spiral  tube.  There  are  no  valves. 
Init  the  water  and  sand  are  raised  by  virtue  of  a  hydrostatic  head  in  each  turn 

•  Catalogue  of  Joseph  Edwards  &  Go.,  taken  from  U.  8.  QoTemment  Beport 
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of  the  spiral,  a  part  of  each  turn  being  filled  with  water  and  the  rest  witih 
air  (the  pump  being  partly  immersed  in  water  and  partly  in  the  air).  The 
gum  of  ihese  hydrostatic  heads  determines  the  heignt  to  which  the  water 
can  be  forced.  This  height,  therefore,  depends  simply  on  the  number  of 
turns  of  the  spiral  and  not,  as  in  a  centrifugal  pump,  on  the  speed  of  revo- 
lution. The  speed,  indeed,  should  be  slow,  because  the  loss  of  power  due 
to  friction  and  to  centrifugal  force,  increases  rapidly  with  the  speed.  The  manu- 
facturers recommend  20  revolutions  a  minute.  The  spiral  and  sides  are  made 
of  -^inch  steel  plate.  The  pump  is  so  set  in  the  receiving  box  that  the  center 
of  the  shaft  is  7  inches  above  the  surface  of  the  water.  At  each  revolution  a 
certain  quantity  of  water  and  sand  is  taken  into  the  outer  turn  of  the  spiral, 
and  as  revolutions  continue  is  carried  to  the  center  and  discharged  through  an 
opening  in  the  hollow  shaft.  Connection  between  this  shaft  and  the  discharge 
pipe  is  made  by  means  of  a  nipple,  a  coupling  and  a  special  stufiing  ring.  The 
greatest  wear  takes  place  between  the  coupling  and  the  outer  end  of  the  nipple, 
but  as  both  of  these  are  small  and  easily  replaced  the  cost  of  repairs  is  low. 


Ooctloo  OD  JLB* 


PIG.  801. — SPIRAL  SAND  PUMP.      SCALE  ^  SIZE. 

The  end  thrust  on  the  shaft  is  taken  up  by  a  weighted  bent  lever,  acting  against 
the  stuffing  ring.  The  radial  dimension  of  the  spiral  passage  is  about  2\  inches. 
The  outside  width  is  either  6,  8  or  10  inches,  with  corresponding  capacities  of 
75,000,  of  100,000  and  of  150,000  gallons  in  24  hours.  The  diameter  is  either 
44,  48  or  54  inches,  with  maximum  lifts  of  14  feet,  19  feet  and  25  feet  respec- 
tively. 

Three  of  these  pumps  are  used,  and  much  liked,  in  Mill  28,  to  elevate  the 
spigot  products  of  No.  2  hydraulic  classifier  and  of  No.  1  whole  current  classifier, 
and  the  slime  table  middlings. 

§  632.  Pumps  for  Water  Supply. — For  raising  water  many  kinds  of  pumps 
are  used.  For  a  discussion  of  these  the  reader  should  refer  to  special  treatises 
on  the  subject.  Table  375  shows  the  kinds  of  pumps  used  in  some  of  the  mills 
and  gives  some  of  the  details.  This  table  indicates  that  duplex  plunger  steam 
pumps  are  most  common.  Belt  driven  pumps  with  one,  two  or  three  plungers 
are  also  used  to  a  considerable  extent.  Rotary  and  centrifugal  pumps  are  also 
used,  and  one  mill  uses  a  pulsometer.  The  mills  that  require  unusually  large 
quantities  of  water  have  vertical  pumps  with  compound  steam  cylinders.  It 
may  be  noted,  as  indicating  the  magnitude  to  which  ore  dressing  operations  have 


873 


ORE  DRESSING. 


g  633 


attained  in  special  cases,  that  Mill  44  is  supplied  with  water  by  one  of  the  largest 
pumping  engines  ever  built  for  any  purpose.  It  is  a  vertical  plunger  pump, 
driven  by  a  triple  expansion  steam  engine  with  a  fly  wheel.  The  steam  cylinders 
are  respectively  18,  27^  and  48  inches  in  diameter,  and  the  stroke  is  90  inches. 
Two  differential  plungers  are  used,  with  lesser  diameter  of  34  inches,  greater 
diameter  of  48  inches,  and  stroke  of  90  inches.  The  pump  ordinarily  runs  at 
20  revolutions  a  minute,  and  delivers  40,000,000*  gallons  of  water  in  24  hour?, 
raising  it  about  85  feet.  Its  maximum  capacity  is  60,000,000  gallons  in  24  hour?. 
It  supplies  the  water  not  only  for  Mill  44,  but  also  for  another  mill  of  the  same 
size.     It  was  designed  by  E.  D.  Leavitt. 

For  Mills  26  and  67  the  quantities  of  water  stated  in  Table  375  indicate  the 
capacities  of  the  pumps,  not  the  requirements  of  the  mills.  For  the  remaining 
mills  the  author  does  not  know  whether  the  figures  represent  pump  capacities  or 
Tnill  requirements.    The  latter  is  discussed  in  §  815. 


TABLE  375. — ^PUMPS  FOR  WATER  SUPPLY.. 


Kliid  of  Pump. 


GaHons  DeliTered 
in  84  Hours. 


Diameter  of 

Steam 

Cylinders. 

Incfaea. 


Diameter  of 

Water 

Cylinders. 

Inches. 


Stroke.  BevolutTna 


Inches. 


per  Minote. 


7  Cameron  single  plunger 

90  Knowles  oompoond  condensing. 

flSCentrifumI 

)»  Centrifugal 

96  Knowles  duplex 

87  Geared  triple  plunger 

ftr  BliUerdupfex 

90  Centrifugal 

81  Single  plunger 

88  Rotary 

40  Rotary 

48  Rotary 

^  \  Vertioal    triple    ezpEuislon, ) 
**  f     differential  plunger f 

46  Compound  Tertlcal 

47  Compound  ▼ertioal 

48  Compound  vertical 

67  Nortney  duplex. 

86  PuJsometer 

88  Belt-driyen  double  plunger 


189,600  to  144,000 
8^250,000  by  3  pumps. 


14 
10 


94 
18 


fUG8,ono  to  1,788,000 1 
I     by  8  pumps.  ) 


144,000  to  180,000 


8 

*i6* 


4 

6 


18 

6 
10 


10 


10 


«0 

*i6' 


864,000 
1,788,000 

40,000,000 

18.000,000 

19,000.000 

10,000,000 

187,200 


18,879i&48 


84  and  48 


20 


19 

*"8* 


9!H 


Launders. 

§  633.  Launders  are  troughs  for  conveying  water,  or  water  and  sand,  by  gravity. 
They  are  generally  rectangular  in  section,  and  made  of  planed  boards  or  planks. 
Small  sizes  are  sufficiently  strong  and  water  tight  when  made  of  three  planed 
boards  with  the  bottom  nailed  to  the  two  sides.  Large  launders  built  of  four 
or  more  planks  require  binding  frames  every  few  feet  to  keep  the  planks  in  line, 
and  to  keep  the  joints  tight.  (See  Fig.  502.)  The  planks  are  sometimes  tongnod 
and  grooved.  To  keep  the  cross-joints  tight,  they  are  arranged  to  come  over  th»» 
supporting  frames.  Fine  silt  helps  to  fill  up  the  joints  and  make  them  tipht. 
Linings  of  wood  are  often  used,  being  replaced  when  worn  out.  Linings  made 
of  mild  steel  plate  are  sometimes  used.  The  latter  cost  more  at  first,  but  have 
longer  life  than  wood.  Wooden  linings,  moreover,  become  very  uneven  before 
they  are  worn  out,  and  therefore  they  require  a  steeper  slope  than  is  needed  with 
the  steel  lining,  because  this  unevenness  retards  the  flow.  At  Mill  44  the  main 
tailings  launder  is  lined  with  steel  plates.  The  bottom  plates  are  raised  along 
the  center  of  the  launder  by  means  of  a  longitudinal  cleat  beneath  the  platos. 
This  causes  the  sand  to  run  to  the  sides  and  so  decreases  the  wear.  At  Mill  22 
the  tailings  launder  is  lined  with  two  angle  irons  (see  Pig.  503).  Certain  sizes 
of  ore  in  this  mill  are  fed  to  jigs  through  V-launders  lined  with  3-inch  angle 
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irons;  and  2-incli  iron  pipes  are  used  to  convey  the  spigot  products  of  the 
classifiers  to  jigs  and  slime  tables.  At  Mill  20  the  wooden  tailings  hiunders  are 
lined  with  plate  iron.  Old  boiler  tubes  have  also  been  utilized  as  launders  in 
this  mill.  When  worn  on  the  bottom  the  tubes  are  turned  to  present  a  new  sur- 
face. At  this  same  null  chutes  having  hard  usage  are  sometimes  lined  on  the 
bottom  and  sides  with  old  rubber  belting,  which  stands  the  wear  quite  well. 
Where  ore  falls  into  a  chute  or  launder  it  is  well  to  have  a  pocket  in  the  bottom 
in  which  a  certain  amount  of  ore  will  collect  and  thus  save  wear. 

Switches  are  sometimes  required  to  turn  a  stream  of  pulp  or  water  from  one 
division  of  a  split  launder  to  another.  In  Fig.  504  the  switch  swings  into  place 
behind  the  projection  a,  the  joint  at  that  point  being  made  tight  by  cotton  waste 
or  a  piece  of  rubber  belting.  The  switch  is  hinged  by  two  pieces  of  rubber 
belting  at  (. 

§  634.  In  mill  work  one  seeks  the  kind  of  launder  that  will  convey  a  given 
quantity  of  water,  or  water  and  sand,  with  the  least  slope  and  least  loss  of  mill 
head.  The  conditions  that  favor  saving  of  slope  are,  therefore,  important  to 
every  mill  man.  If  the  slope  is  not  sufficient  the  sand  will  build  up  on  the  bottom 
of  the  launder,  and  may  finally  cause  it  to  overflow  its  sides.  The  simplest 
remedy  for  this  is  to  increase  the  slope  of  the  launder.    The  conditions  affecting 
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FIG.    504. — SKETCH   FOR  SPLIT   LAUNDER. 


the  slope  may  be  stated  thus:  water  carrying  sand  requires  greater  slope  than 
water  alone ;  coarse  sand  requires  greater  slope  than  fine  sand ;  minerals  of  high 
specific  gravity  require  greater  slope  than  those  of  low;  and  pulp  with  a  high 
per  cent,  of  sand  requires  greater  slope  than  that  with  a  low  per  cent.  At  Mill  5, 
previous  to  installing  the  mechanical  unwaterer  described  in  §  637,  the  sand 
hanked  badly  in  the  tailings  launder  at  a  point  where  the  slope  was  0°  43'.  The 
removal  of  the  coarse  material  by  the  unwaterer  overcame  the  difficulty.  At 
the  old  mill  of  the  Atlantic  Copper  Mining  Company,  Lake  Superior,  when  it 
b<»came  necessary  to  extend  the  tailings  launders  a  considerable  distance,  on  ac- 
count of  the  encroachment  of  the  dumping  ground  upon  the  harbor,  it  was  found 
that  sufficient  slope  was  not  available  to  carry  the  coarse  tailings  to  the  new 
dump.  To  overcome  the  difficulty,  Mr.  W.  J.  Evans  kept  the  coarse  and  fine 
tailings  separate,  and  the  latter,  together  with  most  of  the  mill  water,  then  ran 
without  difficulty  on  the  available  grade  to  the  new  dump.  The  coarse  portion 
could  still  be  sent  to  the  old  dump  because  it  formed  a  steeper  deposit  when 
relieved  of  the  fines.  This  method  lengthened  the  life  of  the  mill  site  a  number 
of  years.  The  mill  was  located  about  150  fwt  from,  and  25  or  30  feot  above, 
the  shore. 

S.  I.  Hallett,  of  Aspen,  Colorado,  has  found  that  on  gentle  slopes  the  form 
of  launder  shown  in  Fig.  507  will  prevent  the  building  up  of  sand  better  than  the 
form  shown  in  Fig.  608.    The  roughness  of  the  boards  of  which  a  launder  is 


874 


ORE  DRESSING. 


built  makes  a  great  difference  in  the  speed  of  the  water, 
impede  the  flow  greatly. 


§  63d 
Sharp  bends  also 


TABLE  376. — CARKEEK'B  SLOPE  FOR  LAUNDERS. 

Ri^  of  Ora. 

Slopesw 

Degrees. 

Incdies  per  Footw 

Mine  or©  to  breaker 

(a)a6«  35' 

SS«»40' 
29-   & 
24«»    C 
18«25' 
7'»85' 

8^86' 

6»ao' 

16*»  15' 
88«40' 

8.9 

9.88 

8. 

6.06 

5.88 

4 

1.6 

1.88 

0.75 

1.88 

8.5 

8 

DfT 
Wet. 

2  inches  to  1  inch 

1  Inch  to  Vi  inch 

U  inch  to  ^  inch 

M 

i|  inch  to  )i  inch 

M 

y  inch  to  A  Inch 

M 

A  inch  to  vanner  material 

U 

liable  or  yanner  material 

u 

Tail  race  for  material  i^^  inch  in  diameter 

«« 

Tail  race  for  material  ^  inch  in  diameter,  or  larger 

M 

Trommel  casing  for  material  less  than  ^  inch.  .7. 

Trommel  cawint?  tof  tnAterl*.!  larrf^r  than  V4  inch 

(a)  With  the  slope  stated,  the  ore  has  to  be  shoveled  from  this  chute. 

So  many  factors  enter  into  the  question  of  transporting  sand  in  launders  that 
it  seems  impossible  to  give  exact  rules  to  cover  all  cases.  Where  there  is  but 
little  fall,  experiments  should  be  made  on  the  question  of  slope ;  and  where  there 
is  plenty  of  fall,  it  is  best  to  be  on  the  safe  side  by  giving  the  launders  plenty 

TABLE  377. — MILL  LAUNDERS  AND  CHUTES. 


Cninher  Products. 


Mm 

No. 

Size  of  Grains. 

Slope. 

Width. 
Inches. 

Depth. 
Inches. 

With-orWith- 
out  Water. 

Minerals. 

27 

88 mm. and  less.... 
26.4  mm.  and  less.. 
12.7  mm.  and  less.. 
12.7  mm.  and  less.. 
4.78  mm.  and  less. 

41« 

90» 

16'> 

88'»60' 

84 
10 
6.5 

8 

4 
8 

With 

16 
27 

Water  jet.'.!! 

Without 

With 

44 



Trommel  Products. 


88  mm. -4- 

16  mm.  4- 

16  to  12.7  mm..... 

12to6mm 

12.8  mm.  4- 

12.8  to  4.7  mm.... 
12  nam. -f 

6  to  8  mm 

6  mm.  4- 

4. 7  to  2.8  mm... 
2.8to2mm 

16  mm.  to  fines. . . 

12.7  mm.  to  fines. 

12.8  mm.  to  fines. 
10.8  mm.  to  fines. 

8.8  mm.  to  fines. 
4.4  mm.  to  fines. 

2.8  mm.  to  fines. 

8.8  mm.  to  fines. 


60- IC 

14 

27*>45' 

5.6 

4.5 

88« 

4.5 

J2?» 
160» 

\      4.« 

80-80' 

8 

29O80' 

8 

87» 

8 

14' 80' 
88» 

[(a)  4.25 

42»80' 

10 

6.5 

82'»15' 

4 

8.25 

14'»25' 

4 

2.6 

88»80' 

«       6 

?    \ 

11-80' 

6 

14»  45' 

6 

18«  65- 

5 

11«»80' 

6 

ll'SO' 

6 

in»80' 

1   8» 

6 

i   \ 

4.5 

5«»30' 

0.5 

Without. . 


With.. 


Quarts,  por^ihyry,  galena  and  pjHte. 

t»  »»  «<  u 

Lhnestone  and  galena. 
Flint  and  blende. 

Limestone  and  galena. 


Dolomite  and  galena. 

Flint  and  blende. 

Quarts,  porphyry,  galena  and  pyrfte. 


Flint  and  blende. 

Quarts,  porphyry,  galena  and  pjrrite. 


Flint  and  blende. 


Classifler  Products. 


25i 

87 
27 
27 

27 


22- 


Orerfiow  No.  1  surface 
current  chusifier. 

2  mm.  and  lees 

Less  than  2  mm 

I^ess  than  2  nmi 

T..e«s  than  2  mm 

Probably  less  tfaau  0..*) 

mm. 
Spigots  No.  1  surface 

current  classifier. 


16* 

8« 
70 

I   8- 

I   7« 


W 


»4.3« 


4 
4 

4 

12 
6 


(6)2 


6.5 

4 
4 
4 

8 
6 

1.5 


With. 


Dolomite  and  quarts. 

Quartz,  porphyry,  galena  and  pyrite. 


Quarts  and  pyrit& 
Limestone  and  galena. 
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Jig  Products. 


Mill 
No. 

SixeoTGFaina. 

Slope. 

Width. 
Inches. 

Deoth. 
lucnes. 

Wither  With- 
out Water. 

Minerals. 

») 

tttoSmm 

4«»46' 
9"  80' 
1»  IV 
8«»B' 
4»80' 

14* 
8» 
8« 

14» 
4«45' 

W 

18 

6 
94 

8 
18 
18 
14 

485 

8 
18 
18 

10 

6 
48 

6 

6 
18 
10.5 

8.86 

6 

8 
18 

With 

Quarts. 

\^ 

19.1  mm.  to  flnes 

16  mm.  to  flnes 

18.7  mm.  to  fines 

18  mm.+  to  floes 

6.4tol.6mm 

Quartz  and  schist. 

W 

»t 

Barite,  limestone  and  quarts. 
Chaloopyrlte  and  chaloodte. 
Limestone. 

49 

«» 

%? 

ti 

V> 

It 

Quarts  and  porphyry. 
Dolomite. 

sn 

6mm.  tofln«s 

4.6  mm.  to  flnes 

8  mm.  to  flnes 

1.88  mm.  to  flnes 

i» 

» 

«t 

Dolomite  and  galena. 
Quarts  and  feldspar. 
^^  iiarts. 

81 

It 

80 

tt 

m 

tt 

Cluaits  and  porphyry. 

Vanner  and  Slime  Table  Products. 


0.81  mm.  to  flnes.  (e). 


0.41  mm.  to 

0.41  mm.  to  flnes.  (e). . 

0.76  mm.  to  fines.  (/X. 


jao»s7' 

1  24«  W 

14« 

10»15' 
T'lO' 
4«45' 
8«85' 
8»85' 

pay 

1*10' 
©•65' 

}<a)8 

4.5 

4 

18 

(ft)  6 

14 

11 

With. 


Limestone  and  galena. 

STita 
mestone  and  galena. 
'^  lartz. 

and  pyrlte. 
and  porphyry, 
arts  and  porphyry. 

calcite  and  oarlte. 
.  calcite,  barlte, 
bonate,  etc 
Quartz. 


copper  caif> 


General  Tailings. 


16<19mm. 
SI  18  mm. 
84  ,15  mm. 


l«+i 
IS  mm 
11  mm 

6.4  m 
4.761 
4.761 
4.761 
4.761 
8  mm 

8.5  n 
8.5  n 


to  fines 

to  fines 

to  fines 

n.  to  fines,  (y).. 

to  flnes 

+ to  flnes. (A).. 

n.  to  flnes 

im.  to  fines,  (t). . 
m.  to  fines.  (I;)., 
tm.  to  fines.  (I)., 
im.  to  fines,  (m). 
to  fines,  (n)..... 

D.  to  flnes 

n.  to  fines,  (o)... 


4M0' 

18 

10 

T'lO' 

18 

10 

4-45' 

18 

16 

4-80' 

18 

6 

9»a5' 

18 

12 

4»45' 

18 

8 

8<»«5' 
0«66' 

64 

14 

8»a5' 

80 

16 

8«96' 
8«a5' 

48 
84 

14 

Z*W 

10 

8 

8-86' 

80 

14 

1»46' 

15 

18 

With. 


larts. 

^yollte. 

Amygdaloid. 
Amygdaloid. 

*    Dllte 


^^  (p)  V-lannder.  (6)  Iron  pipe,  (c)  Carries  86,900  gallons  (](J6  tons)  of  water  and  15  tons  of  sand  In  84  hours, 
(a)  Carries  81,6U0  gallons  (90  tons)  of  water  and  15U  tons  of  sand  In  84  hours,  (e)  Carries  7,800  gallons  (80  tons) 
of  water  and  im  tons  of  sand  In  84  hours.  (/)  Carries  871,580  gallons  (1.548  tons)  of  water  and  OOO  tons  of  sand 
la  M  hoars,  {g)  (Sarries  1.158,000  gallons  (4,800  tons)  of  water  and  160  tono  of  sand  in  24  hours.  (A)  Carries  1,728,000 
8»lloos  (7J0O  tons)  of  water  and  90  to  06  tons  of  sand  In  94  hours,  (t)  Carritw  20,000,000  gallons  (88,860  tons) 
o(  water  and  8,000  tons  of  sand  Id  84  hours.  Oc)  Carries  18,000,000  gallons  (50,000  tons)  of  water  and  1,885  tons 
a(undin84hoan.  (I)  Carries  12,000,000  gallons  (50,000  tons)  of  water  and  1,660  to  1,850  tons  of  sand  in  84 
houn.  (m)  Carries  1(»,000,000  gallons  (41,700  tons)  of  water  and  1,475  tons  of  sand  In  24  hours,  (n)  Carries 
Bn,000  gaUons  (8,400  tons)  of  water  and  144  tons  of  sand  In  24  hours,  (o)  Carries  8,140,000  gaUons  (18,000  tons) 
Q(  water  and  perhaps  800  tons  of  sand  in  84  hours. 

of  slope.  Table  376  shows  the  slopes  of  launders  adopted  by  Mr.  John  Carkeek, 
of  Butte,  Montana,  for  material  that  usually  passes  through  coarser  concentration 
works.  He  states  that  water  must  be  used  in  all  these  cases,  except  the  first. 
Slopes  must  not  be  taken  off  the  launders  by  introducing  boxes  between  the 
points  of  receiving  and  discharge.  If  boxes  are  introduced  allowance  must  be 
made  to  still  retain  the  above  slopes.  Certain  ores  will  run  on  considerably  less 
pitch,  but  these  figures  will  be  on  the  safe  side  for  all  kinds. 

The  data  on  launders  collected  from  the  mills  is  given  in  Table  377.  The 
(fcpths  of  the  streams  are  not  known.  In  the  foot  notes  a  number  of  instances 
are  given  of  the  quantity  of  sand  and  water  flowing  in  launders  of  definite  size 
and  slope. 

It  will  be  noticed  that  for  the  crusher  products  that  run  with  water  the  slopes 
in(»rease  regularly  with  the  size  of  the  ore.  The  one  instance  without  water  has 
a  much  steeper  slope  than  the  same  size  of  ore  with  water.  The  trommel 
pjodnctg  running  with  water,  also  show  a  regular  increase  of  slope  with  the 
Hze  of  ore;  but  the  cases  without  water  show  no  regularity,  though  most  of  them 
are  fairly  steep.    The  two  exceptionally  gentle  slopes  (14"*  26'  and  14**  30')  are 
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§  635 


probably  short  launders  in  which  the  ore  forms  its  own  slope.  Although  the  jip 
products  and  the  general  tailings  contain  much  larger  particles  than  the  classifier 
and  vanner  products,  the  average  slopes  (omitting  the  very  steep  cases)  do  not 
differ  very  much,  the  large  quantities  of  water  present  making  the  gentie  slopes 
sufficient  for  even  the  15  to  25-mm.  particles.  The  few  instances  of  steeper 
slopes  than  is  necessary  are  due  to  the  location  of  apparatus.  Many  of  the  slopes^ 
for  jigs,  classifiers,  vanners  and  general  tailings  are  laid  out  for  economy  of  fall. 
The  very  gentle  slope  of  0**  55'  for  general  tailings  at  Mill  44  was  probably  in- 
tended to  be  the  minimum  safe  limit. 

§  635.  Theory  of  Flow  in  Launders. — While  the  author  is  unable  to  find 
exact  laws  for  the  size,  shape  and  slope  of  launders  for  sand  and  water,  he  bo 
lieves  the  mill  man  should  have  in  his  possession  the  main  facts  about  launders 
for  water,  which  may  prove  suggestive  for  designing  launders  for  sand  and  water. 
He  will,  therefore,  give  first  the  conditions  for  water,  and  then  add  such  facts 
as  are  at  hand  in  regard  to  sand. 

For  water  the  conditions  may  be  stated  thus:  For  a  launder  of  any  given  shape 
and  size,  the  slope  to  obtain  a  given  velocity  will  be  less  as  the  surface  is  made 
smoother,  as  the  quantity  of  water  increases  and  as  the  "wetted  perimeter^'*  is 
diminished,  other  things  being  equal  in  each  case.     Since  the  friction  upon  the 


a:  6=1:2 

FIQ.  505. 


a:  6=1: 3 
FIG.  506. 


o:6=l:S 
FIG.  508. 


sides  and  bottom  of  the  launder  is  the  greatest  impediment  to  the  flow  of  water, 
it  follows  that  the  form  of  launder  which  gives  the  least  friction  will  require 
the  least  slope  for  a  given  flow.  That  form  is  the  one  which  has  the  least 
"wetted  perimeter,"  and  therefore  the  greatest  ^Tiydraulic  mean  depth"*  for  a 
given  area.  Figures  505-508  show  four  forms  of  launders,  each  with  one  squaw 
foot  cross  section  of  stream ;  the  hydraulic  mean  depths  have  been  calculated  for 
these  four  and  are  0.354  foot,  0.354  foot,  0.370  foot  and  0.398  foot  respectively. 
A  launder  of  rectangular  section  and  given  slope  for  a  given  quantity  of  water 
per  minute,  will  give  greater  velocity  if  we  increase  the  depth  and  decrease  thr 
width  of  the  stream  until  the  ratio  of  width  to  depth  becomes  2  to  1.  When 
the  depth  is  made  greater  and  the  width  less  than  this,  the  velocity  decreases 
again.  A  V-shaped  launder  with  90°  angle  has  the  same  hydraulic  mean  depth 
as  the  best  rectangular  launder,  and,  therefore,  with  the  same  area  of  section  will 
convey  the  same  quantity  of  water  on  the  same  slope  with  the  same  velocity.  A 
trap(»zoidal  launder  with  sides  sloping  45°  and  the  width  of  the  bottom  0.828  of 
the  depth,  has  a  larger  hydraulic  mean  depth  than  either  of  the  two  previoiij? 
forms  and  can,  therefore,  be  used  on  slightly  less  slope  than  they.  A  semi- 
circular launder  has  the  greatest  hydraulic  mean  depth  of  all  and  can,  therefore, 
bo  used  with  the  least  slope.  The  rectangular  form  has  the  advantage  of  bein^ 
the  simplest  to  construct  and  keep  in  repair.  It  will,  therefore,  be  considered 
as  the  standard  launder  for  mill  work. 

Tables  878  and  379  have  beon  calculated  for  the  convenience  of  mill  men,  for 
water,  but  not  for  water  and  sand.  Table  378  shows  the  mean  velocity  with  which 
water  will  flow  in  rectangular  launders  made  of  unplaned  plank,  and  having 

*  Th<>  ^*  wetted  perimeter  *^  of  a  stream  in  the  line  of  contact  between  the  launder  and  the  crooB  section  of 
the  Rtream.    Thpi  '*  nydranlic  mpan  depth  ^'  in  the  quotient  obtained  by  dividing  the  area  of  the  cross  e 
of  a  stream  in  square'  feet  by  its  "  wetted  perimeter ''  in  linear  feet. 
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different  dimensions  and  slopes,  and  with  different  depths  of  stream ;  and  Table 
379  shows  the  quantities  of  water  that  will  flow  in  these  launders  per  minute.* 
Fifty  measurements  of  discharge  from  launders  of  unplaned  plank  (of  sizes  cor- 
responding to  those  shown  in  the  tables),  quoted  by  Hering  and  Trautwine,^* 
indicate  that  these  tables  probably  contain  no  errors  greater  than  6%,  and  that 
the  errors  are  generally  within  3%. 

TABLE  378. — MEAN  VEIX)CITIES  OF  WATER  IN  RECTANGULAR  LAUNDERS  OP  ROUGH 

PLANK. 


Launders  4  Inches  Wide. 

Launders  8  Inches  Wide. 

Depth  of 
Water. 
Ini'hm 

Slope  in  1  Foot 

•  Depth  of 
Water. 
Inches. 

Slope  in  1  Foot. 

«Inch. 

)4Inch. 

mnch. 

llnch. 

SInches 

H  Inch.  ^  Inch.  ^  Inch. 

1  Inch.  8Inch*8 

Mean  Velocity  in  Feet  per  Second. 

Mean  Velocity  in  Feet  per  Second. 

LC 

1.3 
8.1 
8.0 
8.5 
8.7 

1.9 
8J) 
4.8 
4.9 
6.8 

8.6 
4.8 
5.9 
6.9 
7.8 

3.7 
6.1 
8.4 
9.8 
10.4 

1 

1.7 
2.6 
8.2 
8.6 
4.2 
4.5 

2.4 
8.7 

4.6 
5.1 
5.9 
6.8 

8.4 
5.2 
6.4 
7.8 
8.4 
8.9 

4.8 
7.8 
9.1 
10.8 
11.8 
12.6 

6.8 

iT.::.:....:.: 

8   

10.4 

2 

8 

12.8 

8 

4  

14.6 

4 

6. 

8 

16.7 

17.8 

Launders  16  Inches  Wide. 

Depth  oC 
Water. 
Inches. 

Slope  in  1  Foot. 

Depth  of 
Water. 
Inches. 

Slope  in  1  Foot. 

^Inch. 

J4Inch. 

HInch. 

llnch. 

8  Inches 

HInch. 

^Inch. 

^Inch. 

1  Inch. 

2  Inch's 

Mean  Velocity  in  Feet  per  Second. 

Mean  Velocity  in  Feet  per  Second. 

1 

8.6 
4.0 
69 
6.9 
8.0 
8.6 

8.7 
5.6 
8.4 
9.8 
11.8 
18.8 

5.9 
8.0 
11.8 
13.9 
16.0 
17.8 

7.4 
11.8 
16.7 
19.6 
22.7 
24.4 

1 

1.9 
8.1 
4.5 
6.1 
6.9 
7.5 

8.7 
4.4 

6.8 
8.6 
9.7 
10.6 

8.8 
6.2 
8.9 
18.2 
13.8 
15.0 

5.8 
8.8 
12.6 
17.8 
19.4 
21.3 

7.5 

8 

8 

12.4 

4 

4, 

17.8 

ft 

8^ 

24.4 

9 

18 

27.5 

18 

18   

80.1 

Launders  88  Inches  Wide.                          | 

Launders  82  Inches  Wide. 

I^thof 
InnhfiL 

Slope  in  1  Foot. 

Depth  of 
Water. 
Inches. 

Slope  in  1  Foot. 

J<Inch. 

Jilnch. 

HInch. 

llnch. 

8Inch^ 

«Inch. 

^Inch. 

^Inch. 

llnch. 

2  Inch's 

Mean  Velocity  in  Feet  per  Second. 

Mean  Velocity  in  Feet  per  Second. 

1 

9.0 
S.8 
6.8 
7.5 

2.8 
4.6 
7.4 
10.6 

8.9 
6.5 
10.4 
15.0 

6.6 

9.8 

14.7 

81.8 

7.9 
18.0 
20.8 
80.1 

16 

10.0 
11.2 
19.1 

14.2 
15.8 
17.1 

80.1 
28.8 
84.8 

28.4 
81.6 
34.8 

40.2 

8 

24 

44.7 

4 

88 

48.4 

6 

These  tables  forcibly  illustrate  the  advantage  of  having  the  etream  twice  as 
wide  as  it  is  deep,  where  water  alone  is  flowing.  For  example,  a  stream  8 
inches  wide  and  4  inches  deep  will  flow  about  85%  faster  than  a  stream  32 
inches  wide  and  1  inch  deep  (both  having  the  same  slope),  though  the  area 
of  the  cross  section  is  the  same  in  each  case.  For  equal  speeds  of  current  the 
former  requires  only  29%  as  much  slope  as  the  latter.  These  tables  also  show 
the  effect  that  an  increase  of  water  has  upon  the  slope.  For  example,  a  launder 
8  inches  wide,  with  a  stream  1  inch  deep  requires  more  than  twice  as  much 
slope  as  when  the  stream  is  2  inches  deep,  in  order  to  have  the  same  velocity. 

Tho  influence  that  the  roughness  of  the  surface  has  upon  the  slope  is  very 
marked.  Tables  378  and  379  were  calculated  for  sawed,  unplaned  planks;  but 
if  planed  planks  are  used  the  same  velocity  of  current  will  be  obtained  with  only 
58  to  67%  of  the  slope  shown  in  any  case  in  the  tables,  the  advantage  being  a 

*  These  tables  are  calculated  by  the  formulas:  v=c  ^ri  and  q=av^  in  which  o=mean  Telocity  in  feet  per 
seeood;  g=yolume  in  cubic  feet  per  second;  a=area  of  cross  section  of  stream  In  square  feet;  rsliydraullo 
mean  depth  In  feet;  «=Rlnpe  expressed  a;*  thA  sine  of  the  an^lf:  <;=a  coefficient,  dependinur  on  the  hydraulic 
mean  depth,  the  routrhness  of  the  Inunrlf^r  and  the  giorw*.  For  a  given  hydraulic  mean  depth  the  oiffereot 
slopes  showu  in  the  tables  have  practi<-ally  the  utme  porfnc^n  . 
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little  greater  when  the  hydraulic  mean  depth  is  large  than  when  it  is  small. 
Ordinary  cast  iron  linings  require  about  the  same  slope  as  unplaned  planks. 

TABLE    379. QUANTITIES    OF    WATER    FLOWING    IN    RECTANGULAK    LAUNDERS    OF 

ROUGH  PLANK. 


Launders  4  Inches  Wide. 

Launders  8  Inches  Wide. 

Depth  of 
Water. 
Inches. 

Slope  in  1  Foot. 

Depth  of 
water. 
Inches. 

Slope  in  1  Foot. 

mnch. 

Hlnch. 

much. 

1  Inch.  |8  Inch's 

%  Inch.  H  loch.  H  Inch.|  1  Indi.  8  Indies 

Gallons  per  Minute. 

Gallons  per  Minnie. 

u 

6.8 
18.0 
6S.4 
91.6 
189 

8.8 
86.8 
74.8 

180 

188 

11.7 
87.8 

106 

183 

850 

16.5 
68.6 

148 

860 

966 

88.8 
76.7 

810 

866 

617 

1 

48.1 
180. 
840. 
868. 
686. 
800. 

60.5 
189 
888 
613 
884 
1,868 

61.8 

8S8 

470 

786 
1,860 
1,770 

119 

676 
1,087 
1,7C7 
8,516 

168 

i::::::::: 

8 

617 

8 

8. 

068 

9 

4. 

1,482 

zsoa 

4  

8 

8. 

8,668 

Launders  12  Inches  Wide. 

Launders  16  Inches  Wide. 

Depth  of 
Water. 
Inches. 

Slope  in  1  Foot. 

Depth  of 
Water. 
Inches. 

Slope  in  1  Foot. 

HInch. 

^  Inch.  ^  Inch.  1  Inch. 

8  Inches 

^  Inch.  )4  Inch. 

^Inch. 

1  Inch.  |8  loch's 

Gallons  per  Minute. 

Gallons  per  Minute. 

1     

60.8 

811 

626 
1,000 
1,006 
2,786 

06 

896 

884 

1,654 

8696 

8,868 

180 
422 
1,860 
8,106 
8,816 
5,471 

106 
607 
1,767 
8,108 
5,805 
7,786 

277 
844 
8,600 
4,806 
7,681 
10,948 

1 

94 

800 

890 

8,488 

4,116 

6,000 

188    1        188 

866 
878 
8,516 
S«7 
11,640 
16.060 

876 

8 

8. 

487 
1J868 
8,488 
5,880 
8,486 

617 
1,770 
4,868 
8,288 
18.001 

1,8B 

4       

4 

slsu 

6 

8 

18 

8,787 

9 

16,461 

12. 

16 

M.oai 

Launders  88  Inches  Wide. 

1                        Launders  88  Inches  Wide. 

Slope  in  1  Foot. 

Depth  of 
\     Water. 
1     Inches. 

Slope  in  1  Foot. 

Depth  of 
Water. 
Inches. 

%  Inch.  ^  Inch.j^  Inch. 

1  Inch. 

a  Inch's 

^  Inch.  J4  Inch. 

HIoch.|lIncfa.  «InchlB 

Gallons  per  Minute. 

GaUons  per  Minute. 

\      

106 

6fi0 

2,075 

6,000 

878 

010 

2.968 

8,485 

898 

1,801 
4,140 
18,001 

656 

1,880 
6,867 
16,069 

786 

2,601 

8.2U8 

24,002 

1  16. 

16,028 
28,751 
88,590 

88,667 
87,886 
54,565 

88,046 
68,606 
Tr,170 

46,818 

76.668 
100,181 

61,008 

8 

84 

107,006 

4 

1  88 

154,808 

8 

§  636.  In  regard  to  the  transportation  of  sand  by  the  water  current,  experi- 
mental figures  from  Dubuat^'  are  quoted  in  Table  380.  They  show  the  bottom 
velocities  of  currents  in  wooden  launders  of  (planed?)  plank,  necessary  to  move 
various  sizes  of  grains  of  certain  specific  gravities. 

TABLE   380. — SPEED   OP   WATER   CURRENT   NECESSARY  TO   MOVE  DIFFERENT   SIZES 

OF  SAND  AND  PEBBLES. 


Velocities  at  BoUom  of  Stream. 
In  Feet  per  Second. 


Material. 


Brown  clay  (speciflc  pravlty  8.64) 

Fine  sand  (8p.  Or.  8.64  ?) 

Coarse  sand  (Sp.  Gr.  8.86) 

Gravel,  size  of  anise  seed  (Sp.  Or.  8.545)   

Gravel,  sire  of  peas  or  larjff  r  (Sp.  Or.  8.645) 

Gravel,  size  of  common  beans  (Sp.  Gr.  8.545) 

Beach  pebbles,  one  inch  or  more  in  diameter  (Sp.  Gr.  8.614) 

Angular  weathered  flint,  about  the  sise  of  a  hen's  egg  (Sp.  G.  8.85) 


Nearly  all  of  the  mill  launders  transporting  sand  and  water  are  of  such  size 
that  the  streams  are  shallow  and  wide  compared  with  the  best  proportion  for 
water,  stated  above.     This  may  bo  wi^^e;  but  pc^rhaps  if  narrower,  deeper  streams 
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were  used,  slope  might  be  saved.  In  order  to  treat  this  subject  better,  the  author 
needs  facts  from  the  mills  in  regard  to  the  size  of  grains,  specific  gravity  of  the 
minerals,  quantity  of  sand  and  water  transported,  and  the  width,  depth  and 
slope  of  the  stream. 

Unwatebers  and  Dbieks. 

§  637.  Unwatbring  Devices  are  used  to  diminish  the  water  carried  by  sand, 
or  the  sand  carried  by  water.  The  sand,  if  of  value,  is  thereby  put  in  better 
condition  for  the  next  step  in  the  process ;  if  it  is  waste,  it  is  in  condition  to  be 
dumped  or  loaded  while  the  water  may  be  in  condition  to  be  used  again.  These 
devices  may  be  classified  as  boxes,  screens,  and  mechanical  imwaterers.  Un- 
watering  boxes  are  discussed  in  §  340. 

Unwatering  Screens. — In  Mill  38  the  coarse  concentrates  (from  No.  1  and  No. 
2  jigs),  which  are  collected  separately  from  the  rest  of  the  concentrates,  are 
unwatered  by  passing  over  a  screen  placed  in  the  launder  that  leads  to  the  col- 
lecting bin.  In  Mill  40,  jig  middlings,  ranging  in  diameter  from  7  mm.  to  less 
than  2\  mm.  go  to  a  trommel  with  2i-mm.  round  holes.  The  oversize  of  this 
trommel  goes  to  middlings  rolls,  while  the  water,  together  with  the  finest  sand, 
goes  to  an  unwatering  box.  The  screens  used  to  un water  jig  tailings  in  Mills 
27  and  86  are  described  in  §  443. 

In  Mill  6  the  concentrates  from  each  log  washer  are  unwatered  by  passing  first 


PIG.  609. — Johnson's  mechanical  sand  shoveller. 

<o  a  trommel  with  4.8-mm.  round  holes,  from  which  the  water  and  fines  pass  to  a 
fixed  flat  screen  of  14-mesh  wire  cloth  sloping  35**.  The  reason  for  the  two 
screens  is  that  the  size  of  grains  ranges  from  50.8  mm.  in  diameter  to  fines. 

In  Mill  76  the  pulp  from  the  clean-up  barrel,  after  passing  over  amalgamated 
plates,  goes  to  a  tank  with  a  burlap  filter  in  the  bottom.  The  water  goes  to  waste, 
and  what  is  caught  on  the  filter  is  sent  to  the  chlorination  works. 

Mechanical  Unwatering, — The  Johnson  Mechanical  Sand  Shoveller  is  used  at 
Mill  5  to  remove  the  sand  from  the  waste  launder,  in  order  to  prevent  the  settling 
ponds  filling  up  too  rapidly ;  and  also  to  save  fall,  because  the  sand  requires  more 
slope  in  the  launder  than  the  clay.  The  apparatus,  of  which  Fig.  509  is  an  end 
elevation,  consists  of  a  series  of  scoops  attached  to  each  of  two  revolving  shafts. 
The  form  and  inclination  of  the  scoops  is  such  that  their  operation  is  much  like 
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that  of  a  shovel  in  a  man's  hands.  Each  scoop  dips  to  the  bottom  of  the  launder, 
and  as  it  rises  turns  partially  so  as  to  gradually  pour  oflf  the  water  (the  water 
also  draining  through  perforations  in  the  scoop),  and  finally  discharges  the  sand 
outside  the  launder  into  a  car.  For  the  details  of  construction  the  reader  is 
referred  to  the  Transactions  of  the  Am.  Inst.  Min.  Eng.^  Vol.  XXVIII.,  page  225. 
The  machine  takes  out  about  twice  as  much  sand  in  a  given  time  as  three  men 
were  previously  able  to  take  out;  in  fact,  it  appears  to  remove  all  of  the  sand, 
and  let  only  the  clay  and  fine  silt  pass  on. 

A  slime  table  with  very  gentle  slope  and  slow  speed  of  rotation  is  suggested  as 
an  unwaterer  for  slime.  Some  form  of  scraper  would  probably  be  needed  to  re- 
move the  settled  slime.  The  use  of  this  plan  is  unknown  to  the  author.  The 
nearest  approach  to  it  is  the  method  used  for  settling  in  some  starch  works: 
water  carrying  starch  and  gluten  is  passed  over  tables  about  2  feet  wide  and 
100  or  more  feet  long,  having  a  slope  of  perhaps  1^  inches  in  100  feet  (0°  4'-f-). 
The  starch  quite  readily  settles  on  the  table,  while  the  gluten,  being  much  lighter, 
is  carried' along.  When  the  former  has  deposited  to  a  depth  of  5  or  6  inches  the 
current  is  stopped  and  the  starch  removed  with  hoes. 

§  638.  Driers. — Ore  or  concentrates  have  to  be  dried  for  dry  crushing  and 
screening,  for  magnetic  concentration,  and  to  save  freight  charges  in  shipping. 
Since  coarse  material  retains  much  less  moisture,  after  draining,  than  fine  ma- 
terial, it  is  often  sufficient  to  simply  drain  the  coarse  concentrates  before  shipping, 
though  the  fine  concentrates  may  require  drying.  For  example,  in  Mills  27  and 
29  concentrates  finer  than  0.9  mm.  and  2.5  mm.  diameter  respectively,  are  dried 
before  shipping,  while  the  coarser  sizes  are  shipped  without  drying.  The  per- 
centage of  moisture  retained  by  different  sizes  of  ore  is  shown  in  §  819.  When 
fine  ore  is  to  be  shipped  it  is  advisable  to  leave  2  or  3%  of  moisture  to  prevent 
loss  of  dust. 

Drying  is  done  either  in  revolving  cylinders,  in  shaft  furnaces  or  on  drying 
fioors. 

In  Mill  27  a  Cummer  Drier  is  used.  This  consists  of  an  inclined  revolving 
cylinder,  through  which  the  hot  gases  from  a  furnace  are  drawn  after  they  have 
passed  beneath  the  cylinder.  TOie  drying  is  assisted  by  internal  longitudinal 
blades  which  lift  the  concentrates  and  allow  them  to  fall  through  the  current  of 
hot  gases.  A  positive  draft  is  maintained  by  means  of  a  suction  fan.  This 
drier  at  Mill  27  treats  concentrates  of  0.9  mm.  diameter  and  finer  at  the  rato 
of  10  tons  in  7  hours,  using  975  pounds  of  coal,  which  includes  the  coal  required 
to  heat  the  drier  after  14  hours'  idleness.  The  moisture  is  reduced  from  23% 
to  3%. 

In  Mill  92  the  jig  concentrates  are  dried  in  a  rcfvolving  cylinder  provided  with 
internal  longitudinal  lifting  blades.  Mill  89  uses  a  revolving  plate-iron  cylinder, 
lined  with  brick,  to  dry  the  ore  from  the  breaker  (about  2  inches  maximum  diam- 
eter). This  cylinder  has  an  outside  diameter  of  6  feet,  is  24  feet  long,  slopes  4 
inches  per  foot,  and  makes  7  revolutions  a  minute.  It  handles  125  tons  in  10 
hours,  and  could  handle  more.  The  percentage  of  moisture  is  not  stated.  Oil  is 
used  for  fuel,  and  the  amount  is  \  gallon  per  ton  of  ore  dried. 

In  Mill  29  there  is  a  slightly  conical  revolving  drier,  18  feet  long,  with  diam- 
eters of  36  inches  at  the  small'end  and  44  inches  at  the  large  end,  and  revolvinsr 
37  times  a  minute.    The  hot  gases  from  the  fire  pass  through  the  cylinder  in     i 
one  direction  while  the  ore  passes  in  the  opposite  direction. 

In  Mill  94  the  ore,  after  being  broken  to  5  inch  (19.1  mm.)  and  less,  was  dried 
in  an  Argall  four-cylinder  drier  previous  to  fine  crushing  and  screening.  This 
drier  differs  from  the  common  cylindrical  form  in  having  a  nest  of  four  com- 
paratively small,  brick-lined  cylinders  (about  18  inches  inside  diameter)  instead 
of  one  large  cylinder.     The  nest  is  fastened  inside  of  two  heavy  track  bands, 
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which  are  supported  and  driven  by  two  pairs  of  supporting  rollers.  The  hot 
j^anes  from  the  fire  pass  through  the  pipes  in  the  opposite  direction  from  the  ore. 
This  design  is  claimed  to  better  utilize  the  heat  of  the  gases  from  the  fire.  At 
this  mill  the  moisture  was  reduced  from  10%  to  1%  in  70  tons  of  ore  in  24 
hours,  using  one  ton  of  coal.    The  drier  sloped  1^  inches  per  foot  (7°  5'),  and 
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FIO.   510&. — DETAILS  OP  EDISON  DRIER. 

made  two  revolutions  per  minute.  It  was  at  first  run  at  half  the  above  inclina- 
tion, and  twice  the  above  speed,  but  these  latter  adjustments  caused  excessive  wear 
on  the  tracks. 

At  Mill  91  Edison^s  Drying  Kiln  is  used  to  dry  the  ore  after  it  has  been  crushed 
to  about  i  inch  (12.7  mm.)  maximum  diameter.  It  consists  of  a  tower  8  feet 
square  and  50  feet  high  in  sections  made  of  iron  plates.     (Figs.  510a  and  5106 
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show  the  furnace  diflfering  slightly,  but  only  in  unimportant  details,  from  th«' 
one  here  described.)  The  ore  first  passes  over  a  set  of  screens  to  remove  roots  or 
other  foreign  matter;  and  then  to  the  distributor  (Fig.  493),  which  spreads  it 
uniformly.  The  falling  ore  then  meets  a  system  of  baffle  plates  (Fig  5106). 
which  extend  between  two  sides  of  the  tower.  The  plates  on  each  level  are  parallel, 
but  slope  at  right  angles  to  those  on  the  next  level.  The  ends  of  these  plates  rest 
in  slots  in  the  sides  of  the  tower,  and  can  thus  be  easily  removed.  The  plates 
are  8^  inches  wide,  ^  inch  thick,  and  slope  45**  in  the  direction  of  the  width.  Th«^ 
least  distance  between  the  edges  of  any  two  plates  is  about  four  times  the  diameter 
of  the  largest  particle  of  ore.  If  the  ore  contains  more  than  17%  moisture  ii 
sticks  to  ttie  upper  baffle  plates,  and  to  take  care  of  such  ore  two  of  the  upper 
rows  of  plates  are  provided  with  levers  with  which  they  may  be  shaken  longitudi- 
nally (see  Fig.  5106).  After  the  ore  has  passed  over  these  upper  plates  it  ia  dry 
enough,  superficially,  to  prevent  sticking.  The  hot  gases  for  drying  are  intro- 
duced at  t^ree  different  levels  through  three  sets  of  brick  checkerwork  in  onr 
side  of  the  tower,  the  baffle  plates  being  omitted  from  the  sections  where  the 
hot  gases  enter.  The  gases  are  drawn  off  from  the  top  by  a  suction  fan  which 
delivers  to  a  dust  catcher.  The  drier  treats  300  tons  of  ore  per  hour,  using  1,400 
pounds  of  anthracite  coal  in  that  time.  The  ore  passes  through  the  drier  fo 
rapidly  that  the  moisture  is  not  all  carried  off,  but  so  much  heat  is  retained 
that  there  is  no  difficulty  in  removing  nearly  all  the  remaining  moisture  by  dn 
air  blown  through  the  stock  house  at  the  rate  of  50,000  cubic  feet  per  minute. 

A  second  drier  of  the  same  kind,  but  6  feet  square  instead  of  8  feet,  is 
used  to  remove  the  last  traces  of  moisture,  and  to  prepare  the  ore  for  the  dusting 
chamber  (§  600)  after  it  has  been  crushed  to  a  maximum  diameter  of  about 
0.06  inch  (1.5  mm.),  and  has  been  partially  concentrated  by  the  No.  1  or  12- 
inch  magnets. 

One  of  these  driers,  3  feet  square  and  24  feet  high,  has  been  installed  in 
Mill  92,  to  replace  another  form,  for  drying  all  of  the  ore  after  it  hag  been 
reduced  to  a  maximum  diameter  of  about  l|  inch  (38.1  mm.). 

In  Mill  28  there  are  two  drying  floors,  each  25  feet  long  and  12^  feet 
wide,  upon  which  are  laid  six  4-inch  steam  pipes,  three  conveying  steam  for- 
ward and  three  pipes  returning  it  to  the  exhaust.  The  concentrates  from  40  mm. 
to  2  mm.  in  diameter  are  dried  on  one  of  the  floors,  and  all  finer  than  2  mm. 
on  the  other. 

Miscellaneous  Apparatus. 

§  639.  Removal  op  Pick-points,  Bolts,  Sticks,  etc. — To  prevent  strains 
upon  crushing  rolls  and  to  prevent  clogging  of  the  different  machines,  coarse 
screens  are  sometimes  used  to  remove  pick-points,  sticks,  etc.,  from  the  ore,  after 
it  has  been  through  the  breaker.  These  things  are  also  more  or  leas  perfectly 
removed  by  hand  picking.  In  Mill  91,  for  this  purpose,  the  ore  from  the  No.  3 
corrugated  rolls,  is  passed  over  a  set  of  three  No.  1  screens  which  are  plane  per- 
forated plate  screens,  just  before  entering  the  drier.  Each  screen  is  36  inches 
long,  38  inches  wide,  and  slopes  40°.  The  upper  one  has  slots  IJ  X  3  inches,  and 
3  inches  apart.  The  middle  and  lower  screens  have  slots  IJ  X  2^  inches,  and 
g  inch  apart.  The  undersize  of  the  first  goes  to  the  second,  of  the  second  to  the 
third  screen,  and  of  the  third  to  the  drier.  The  oversize  of  all  three  screens  is 
ttirown  out. 

In  Mill  94,  pick-points,  bolts,  etc.,  are  removed  from  the  ore  before  going 
to  the  No.  1  rolls,  by  means  of  1-inch  round  holes  on  the  last  2  feet  of  Nb.  1 
trommel,  the  first  4  feet  of  which  are  covered  with  4-me8h  wire  cloth.  The 
undersize  of  the  1-inch  hole  goes  to  rolls  for  further  crushing,  while  its  over- 
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size  contains  the  pick  points,  etc.  The  material  through  4  mesh  on  5  mesh, 
from  No.  2  trommel,  is  mainly  chips,  strings,  etc.,  and  goes  to  waste. 

In  Mill  92  the  ore,  after  being  reduced  to  a  maximum  of  about  8  mesh,  goes 
to  10-niesh  tromiuels,  the  oveisize  of  which  goes  to  a  1-mesh  trommel,  and  the 
oversize  of  the  latter  is  sticks,  nails,  etc. 

DusT-FAxs  AND  CHAMBERS. — When  orc  is  treated  dry,  as  in  sampling  mills, 
pneumatic  mills  and  magnetic  concentrators,  there  may  be  so  much  floating  dust 
that  suction  fans  aie  needed  to  remove  it.  Fans  are  also  used  in  some  cases 
to  hasten  drying,  as  in  Mills  27  and  91.  In  Mill  89  two  suction  fans  are  used, 
one  to  remove  dust  from  the  magnetic  machines,  and  the  other  to  remove  dust 
from  the  crushing  machinery  and  trommels.  In  Mill  94  there  is  a  suction  fan 
connected  with  the  housings  of  all  rolls,  elevators  and  trommels.  The  heavier 
part  of  the  dust  settles  in  a  dust  chamber. 

The  centrifugal  dust  collector  commonly  used  in  wood  working  mills  and  flour 
mills  may  prove  valuable  in  some  cases.  Where  the  dust  carries  much  value,  or 
where  it  is  especially  necessary  to  prevent  it  from  blowing  into  the  air,  a  bag  room 
is  a  simple  and  efBcient  means  of  catching  it.**  "**  '*  This  consists  of  a  room 
in  which  a  large  number  of  burlap  or  cotton  cloth  bags  or  tubes  are  suspended 
vertically.  There  are  two  methods  of  operation.  In  one,  the  air  and  dust 
come  through  the  large  horizontal  distributing  pipes  in  the  top  of  the  room, 
and  pass  down  through  nipples  into  the  bags,  the  lower  ends  of  which  lie  on  the 
floor.  The  air  can  pass  through  the  meshes  of  the  bags  while  the  dust  cannot. 
The  latter  falls  or  is  shaken  down  at  intervals,  and  is  periodically  emptied  into 
wheelbarrows.  In  the  other  method,  the  air  and  dust  are  carried  into  a  chamber 
with  hoppers  in  the  bottom,  and  pass  up  into  the  bags  through  nipples  in  the 
top  of  the  chamber.  The  dust  is  shaken  down  into  the  hoppers,  from  which 
it  is  drawn  off  through  gates.  Sturtevant  claims  that,  for  ore,  burlap  is  a 
better  material  than  cotton :  1st,  because  the  holes  are  not  so  easily  clogged  by 
the  dust;  and  2nd,  because,  when  the  blast  is  stopped,  the  collapse  of  the  bags 
causes  a  large  part  of  the  adhering  dust  to  fall  down,  while  with  cotton  the  bags 
must  be  shaken  to  remove  the  dust. 

Weighing  Ore. — Platform  scales  may  be  provided  upon  which  the  cars  or 
wagons  bringing  ore,  or  removing  concentrates,  are  run  to  be  weighed.  At 
Mill  86  the  concentrates  are  weighed  as  they  are  being  wheeled  in  barrows  to 
the  cars.  It  is  a  common  custom  to  weigh  a  number  of  cars  of  ore,  and  use  the 
average  weight  for  making  up  daily  accounts  of  tonnage.  This  method^  may  be 
accurate  enough  to  indicate  irregularities  in  the  work  of  the  mill,  but  it  is  not 
accurate  enough  to  base  financial  transactions  upon.  For  that  purpose  careful 
weighing,  moisture  samples  and  assays  are  all  required. 

Care  should  be  used  that  heavier  loads  are  not  put  on  the  scales  than  the 
latter  are  intended  to  weigh ;  and  the  scales  should  be  tested  occasionally  to  see 
that  they  are  accurate.  It  will  be  suggestive  to  mention  a  case  where  the  scales 
were  frequently  tested  and  were  supposed  to  be  accurate;  but  the  test  weights 
were  found  to  be  so  much  in  error  that  a  mistake  of  about  40  pounds  per  ton 
had  been  made.  The  idea  has  been  suggested  that  disputes  may  arise  in  case 
of  shipment  on  account  of  differences  in  weight  between  places  of  high  and^  of 
low  altitude;  but  it  should  be  stated  that  this  difference  occurs  only  with  spring 
balances,  which,  of  course,  are  never  used  in  dealing  with  ore.  With  a  spring 
balance  the  difference  is  only  about  two  poujids  per  ton  between  sea  level  and 
a  height  of  10,000  feet  in  the  same  latitude ;  and  if  the  places  are  as  far  apart 
in  latitude  as  British  Columbia  and  the  Qulf  of  Mexico  the  difference  is  about 
^  pounds  per  ton.  In  this  book  a  ton  always  means  2,000  pounds  unless  other- 
wise indicated.  The  long  ton  contains  2,240,  the  so-called  ^'miner's  ton"  2,352,> 
and  the  metric  ton  2,204  pounds. 
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1.  Am.  Chem.  Soc.,  Vol.  XV.,   (1893),  p.  260.     Shinier  and  Reifsnyder  show,  by  experi- 

ment,  the  advantage  of   having  ore  BC<nie\vhat   moist  for  sampling. 

2.  Am.  Inst.  Min.  Emj.y  Vol.  XX.  (1891),  p.  155.     Wm.  Glenn  discusses  the  need  of  care- 

ful, unprejudiced  sampling,  and  describes  hand  sampling  by  channelling.     IHscu^ 
sion  by  R.  W.  Raymond,  with  description  of  Cornish  quartering. 

3.  Ihid.,  p.  416.     H.  L.  Bridgman  discusses  sampling  and  describes  the  Bridgman  mechan- 

ical samplers.    Illustrated. 

4.  Ihid.,  Vol.  XXV.,   (1895),  p.  826.     D.  W.  Brunton  discusses  the  theory  of  sampling; 

and  by  using  certain  experimental  data,  deduces  a  formula  showing  the  relation 
between  the  weight  of  a  sample  and  the  maximum  size  of  the  ore  grains. 

5.  Ihid.,  Vol.  XXVI.,    (1896),  p.   1098.     Henry  A.  Vezin  discusses  the  advantages  of  a 

good  mechanical  sampler  compared  with  hand  sampling. 

6.  Can,  Min.  Rev.,  Vol.  XVII.,  (1898),  p.  43.    F.  T.  Snyder.    A  simple  automatic  sampler. 

Illustrated. 

7.  Chem.  and  Met.  8oc.  8.  Africa,  Vol.  II.,    (1898),  No.  8,  p.   155.     S.  H.  Pearce  dia- 

cusses  sampling  of  various  products  and  describes  an  automatic  sampler  for  tail- 
ings.    Illustrated. 

8.  Collins,  H.  F.,   (1899),  ''Metal,  of  Lead,"  p.  2.    Description  and  discussion  of  Clark- 

son  sampler.     Illustrated. 

9.  Eng.  A  Min.  Jour.,  Vol.  LI.,   (I89I),  p.  718.     The  disadvantages  of  systematic  hand 

sampling. 

10.  Ihid.,  Vol.  LII.,   (1891),  p.  264.     A.  D.  Hodges,  Jr.     Necessary  precautions  in  hand 

sampling. 

11.  Ihid.,  Vol.  LIII.,    (1892),  pp.  Ill  and  132.     Paul  Johnson  gives  details  of  Cornish 

sampling  at  the  £1   Paso  smelter. 

12.  Ihid,,  Vol.  LXI.,   (1896),  p.  543.     Bridgman's  assay  office  sampler.     Illustrated. 

13.  Ihid.,  Vol.  LXIII.,  (1897),  p.  160.     W.  W.  Taylor.     Sampling  a  pile  of  ore  by  driving 

in  an  iron  pipe  at  various  places. 

14.  Hofman,   H.   O.,   ''Metallurgy   Lead,"    (1899),   p.   42.     Discussion   of  sampling  with 

descriptions  of  hand  sampling  and  several  mechanical  samplers.     Illustrated. 

15.  Iron  d  Steel  Inst.,  Vol.   XLIV.,    (1893),  p.    131.     Thomas   Clarkson.     Principles  of 

sampling,  and  description  of  the  Clarkson  sampler.     Illustrated.     Discussion. 

16.  Mines  d  Minerals,  Vol.  XX.,   (1899-1900),  p.  391.     Same  as  Chem.  d  Met.  Soc,    8 

Africa,  Vol.  II,  p.  155. 

17.  8ch.  Mines  Quart.,  Vol.   III.,    (1881-2),  p.  253;   and  VI.,    (1884-5),  p.   361.     S.   A. 

Reed  discusses  the  theory  and  practice  of  sampling. 

FEEDERS  AND  DISTRIBUTORS. 

18.  Eng.  d  Min.  Jour.,  Vol.  LIV.,   C1892),  p.  5.     John  W.  Meier.     Descriptions  of  auto- 

matic feeders  used  at  Przibram.     Illustrated. 

19.  Zeit,  Berg.  Hiitt.  u.  Salinenwesen,  Vol.  XLIII.,   (1895),  p.  215.     Description  of  the 

Musterschutz  slime  feeder.    Illustrated. 

ELEVATORS  AND  CONVEYORS. 

20.  Am.  Inst.  Min.  Eng.]  Vol.  XII.,  (1883-4),  p.  499.    S.  Stutz.    Link  belt  elevators  and 

conveyors.     Illustrated. 

21.  Ihid.,  Vol.  XXVI..   (1896),  p.  78.     Thomas  Robins,  Jr.,  discusses  conveying  by  belts 

and  describes  his  special  belt,  rollers,  etc. 

22.  Berg.  u.  Hutt.  Zeit,  Vol.  LV.,   (1896),  p.  397.     Short  description  and  data  in  regard 

to  the  Kreias  jerking  convevor. 

23.  Eng.  d  Min.  Jour.,  Vol.  LXVII..  (1899),  p.  236.    Details  of  a  60-foot  sand  wheel  for 

the  Henry  Nourse  Gold  Mining  Co.,   S.  Africa.     Illustrated. 

24.  Min.  Ind.,  Vol.  V.,    (1896),  p.  264.     John  E.  Rothwell  discusses  details  of  belt  ele- 

vators. 
26.  Rittinger,  P.  R.  von,   (1867),  "Aufbereitungskunde,"  p.  497.     Elevators,  sand  wheels 

and  conveyors.     Illustrated. 
26.  8,  Afric.  Assoc.  Eng.  d  Architects,  Vol.  IV.,   (1897-98),  p.  53.     H.  R.  Skinner.    Some 

details  and  costs  of  tailings  wheels  on  the  Rand,  and  comparisons  with  pumps 

and  bucket  elevators. 


27.  Am.  Eng.  d  R.  R.  Jour..  Vol.  LXVIII.,   (1894),  p.  411.    John  Richards.     Discussion 
of  the  details  of  centrifugal  pumps. 
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28.  Am,  Soe.  MecK  Eng.,  Vol.  VII.,    (1885-6),  p.  608.     W.  0.  Webber.     Efficiencies  of 

centrifugal  and  reciprocating  pumps. 

29.  Ibid.,  Vol.  IX.,  (1887-8),  p.  228.    W.  0.  Webber  and  others  discuss  the  construction 

and  efficiency  of  centrifugal  pumps. 

30.  Berg,  u.  BiUt  Zei^..  Vol.  XXXII.,  (1873),  p.  283.    Short  illustrated  description  of  a 

special  plunger  pump  for  sand  and  water. 

31.  Eng,  d  Min.  Jour,,  Vol.  LXV.,  (1898),  p.  553.    Illustrated  description  of  Frenier  and 

Leblanc  spiral  sand  pump. 

32.  Freiberger  Jahrb,,    (1893),  p.  83.   Seemann  gives  figures  showing  the  grinding  effect 

of  a  centrifugal  pump  on  sand. 

LAUNDEBS. 

33.  Dubuat,  (1816),  "Principe  d'Hydraulique  et  de  Pyrodynamique,"  Vol.  II.,  pp.  77-90. 

Bottom,  top  and  mean  velocities  of  flow  of  water  in  small  wooden  channels, 
pp.  91-97.  Bottom  currents  required  to  move  different  kinds  of  sand,  gravel  and 
clay. 

34.  Bering  and  Trautwine,    (1889).     Translated  from  Ganguillet  and  Kutter,  with  ad- 

ditions), "A  General  Formula  for  the  Flow  of  water,"  p.  131.  A  large  number 
of  gaugings  of  the  flow  of  water  in  pipes  and  open  channels  of  various  dimensions. 

MISCELLANEOUS. 

35.  Am.  Inat.  Min.  Eng.,  Vol.  XXVIII.,   (1898),  p.  225,  J.  E.  Johnson,  Jr.     An  auto- 

matic  shoveller  for  removing  sand  from  water  running  in  launders. 

36.  Hofman,  H.  0.,  (1899),  "Metallurgy  I^ad,"  p.  131.    Description  of  Lewis  and  Bartlett 

bag  process  for  collecting  dust  and  fumes,  p.  378.  Discussion  of  various  methods 
of  condensing  flue  dusts,  with  descriptions  of  different  forms  of  dust  chambers. 
Illustrated. 

37.  Peters,  E.  D.,  Jr.,    (1895),  "Ck>pper  Smelting,"  p.  475.     Short  discussion  of  dust 

chambers. 

38.  Schnabel,  Carl,    (1896),  "Handbuch  der  Metallhtittenkunde."  Vol.  II.,  p.  240.     Also 

Louis'  translation,  (1898),  Vol.  II.,  p.  228).  Description  of  bag  rooms  for  col- 
lecting zinc  white.     Illustrated. 


PART  IV. 
MILL  PROCESSES  AND  MANAGEMENT. 


PART  IV. 

MILL  PBOCESSES  AND  MANAGEMENT. 

Having  discussed^  individually,  the  various  kinds  of  apparatus  which  find  ap- 
plication in  concentrating  mills,  there  remains  the  consideration  of  the  mills 
as  a  whole,  including  the  various  combinations  of  principles ;  the  different  arrange- 
ments of  apparatus;  the  management  of  mills;  general  items  such  as  power, 
water,  costs,  etc. ;  mill  testing  and  the  selection  of  processes  suitable  for  different 
ores. 


CHAPTER  XX. 

SUMMARY  OF  PRINCIPLES  AND  OUTLINES  OF  MILLS. 

§  640.  Summary  of  Principles. — For  the  convenience  of  the  student  of  mill- 
ing a  r^sum^  is  here  given  of  the  different  principles  employed  in  separating 
minerals.  The  mode  of  combining  these  principles  will  be  found  in  the  mill 
schemes  which  follow  later. 

Hand  Picking. — The  eye  and  hand  are  guided  in  selecting  the  good  ore  from 
the  waste,  the  waste  from  the  good  ore,  or  one  valuable  mineral  from  another 
by  the  color,  lustre,  aggregation,  fracture,  and  specific  gravity  of  the  minerals. 

Sizing  by  Screens  puts  together  in  groups  particles  which  are  of  about  the 
same  size  irrespective  of  specific  gravity.  The  variation  of  size  ranges  from  the 
largest  grain  that  could  come  through  the  screen  above  to  the  smallest  grain  that 
could  rest  on  the  screen  below.  The  tronmiels  or  drum  screens  and  the  flat 
screens,  whether  shaken  or  fixed,  are  included  in  this  class. 

Sizing  by  a  Water  Film  on  a  Surface  puts  together  pari;icles  which  are  about 
the  same  size.  The  specific  gravity  of  the  minerals  probably  affects  this  opera- 
tion to  a  limited  degree.  For  example  the  finer  grains  of  quartz  in  any  given 
product  roll  more  easily  than  the  grains  of  galena  of  the  same  size.  The  slime 
table,  canvas  table,  blanket  table,  and  huddle  are  all  included  in  this  class. 

Sorting  by  Free  Settling  is  done  by  classifiers  of  all  kinds.  It  puts  together 
in  any  given  product  particles  that  are  equal  settling  under  free  settling  condi- 
tions, in  which  the  particle  of  mineral  of  higher  specific  gravity  is  of  smaller 
diameter  than  that  of  lower  specific  gravity. 

Elutriation  is  done  by  stirring  up  the  mixed  grains  in  a  vat  or  tank.  After 
a  period  of  settling  the  coarser  grains,  the  supernatant  water  containing  the 
lighter  grains  is  drawn  off.  The  operation  is  free  settling  applied  to  very  fine 
particles.  The  washing  of  clays  is  virtually  elutriation,  but  it  is  generally  con- 
tinuous as  far  as  the  removal  of  the  fine  stuff  from  the  coarse  is  concerned,  in- 
termittent only  in  the  settling  of  the  fine  clay. 

§  64L  Sorting  by  Hindered  Settling  is  done  on  the  beds  of  jigs  during  pul- 
sirm  or  forward  stroke  of  the  plunger.  It  causes  the  particles  to  become  layered 
or  stratified  and  brings  together,  in  any  layer,  grains  that  are  equal  settling  under 
hindered  settling  conditions.  Here  again  the  grain  of  higher  specific  gravity 
which  is  brought  into  equilibrium  with  one  of  lower  specific  gravity  is  smaller 
in  diameter  than  the  latter,  but  the  difference  in  diameters  is  considerably 
JTTeater  than  with  free  settling. 

i^uction  takes  place  on  the  beds  of  jigs  during  the  return  stroke  of  the  plunger. 
By  it  any  grains  of  high  specific  gravity  that  are  small  enough  to  do  so  are 
drawn  down  through  the  interstices  of  the  bed  into  the  hutch  below. 

Sorting  by  Settling  in  Air. — This  action  takes  place  on  the  bed  of  a  pneu- 
matic jig  during  the  pulsion  or  forward  motion  of  the  plunger.  It  puts  together 
grains  that  are  equal  settling  in  air.  The  effect  may  not  be  dissimilar  to  hin- 
dored  settling  in  water.  No  extensive  investigation  to  settle  this  point  is 
known  to  the  author. 

Momentum  and  Trajectory. — Whetf  particles  are'  thrown  with  equal  velocity 
in  a  horizontal  direction  they  hold  thieir  momentum  for  different  lengths  of 
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time  according  to  their  specific  gravity  and  size.  In  consequence  of  this  they 
drop  at  shorter  or  longer  distances  from  the  starting  point.  The  grains  of  equal 
trajectory  are  grouped  in  practically  the  same  way  as  grains  that  are  equal  set- 
tling in  air.  There  may  be  some  difference  in  the  ratio  of  diameter  in  the  two 
cases,  but  in  regard  to  this  the  author  has  no  information.  The  Pape-Henfie- 
berg  and  Clarkson-Stanfield  separators  work  on  this  principle. 

Agitation  takes  place  in  the  bed  of  sand  on  a  vanner  belt  or  on  a  jerking  table. 
By  it  the  grains  of  heavy  mineral  are  settled  into  a  layer  beneath  those  of  the 
lighter.  The  finest  grains  of  heavy  mineral  are,  however,  imperfectly  settled 
The  travel  of  the  vanner  belt  carries  up  the  heavy  layer.  The  heavy  layer  on 
the  bumping  or  jerking  table  is  removed  by  the  same  jerking  movement  which 
makes  the  layers. 

Oreasy  Flotation. — When  particles  refuse  to  become  wetted  they  may  float 
in  a  litUe  dimple  in  the  surface  of  the  water,  or  if  inmiersed  they  may  retain 
attached  to  them  air  bubbles  which  float  them  up  later.  This  principle,  how- 
ever, is  so  unreliable  and  diflScult  to  control  that  it  is  usually  considered  more 
an  injury  than  a  benefit. 

§  642.  Plate  Amalgamation. — ^When  pulp  containing  free  gold,  freshly  bright- 
ened by  the  action  of  the  stamps,  flows  over,  or,  still  better,  impinges  upon  a 
clean  amalgamated  plate  the  gold  particles  are  instantly  amalgamated  and 
cemented  to  the  plate  while  the  sand  flows  off. 

The  Oreased  Plate. — When  diamond  bearing  sands  are  fed  with  water  upon  an 
inclined  table  with  a  suitable  coating  of  grease  upon  it  the  diamonds  stick  to  the 
grease  and  are  retained,  while  the  quartz  sand  flows  off  with  the  water. 

Magnetism. — When  mixed  magnetic  and  non-magnetic  sands  are  brought 
within  the  sphere  of  attraction  of  a  magnet  the  former  are  attracted  while  the 
latter  are  not.  When  mixed  particles  of  more  magnetic  and  less  magnetic  power 
are  subjected  to  an  electromagnet  the  current  of  electricity  may  be  so  adjusted 
as  to  take  out  only  those  that  are  more  magnetic,  allowing  the  less  magnetic  to 
move  on. 

Roasting  for  Magnetism. — When  mixed  minerals,  one  of  which  contains  iron 
and  is  susceptible  of  decomposition  by  heat  and  oxidation,  are  roasted  in  a  fur- 
nace at  a  moderate  heat  with  a  flame  of  limited  oxidizing  power,  the  iron  mineni^ 
goes  over  into  magnetic  oxide  which  is  strongly  attracted  by  the  magnet,  while 
the  other  does  not.     The  removal  of  pyrite  from  blende  is  an  illustration. 

Roasting  for  Porosity. — When  two  minerals,  one  of  which  is  more  susceptible 
to  decomposition  by  heat  and  oxidation  than  the  other,  are  roasted  at  a  moderate 
heat  the  former  becomes  soft,  porous  or  spongy  in  form  and  practically  lighter 
in  specific  gravity,  while  the  latter  remains  unchanged.  The  removal  of  pyrito 
from  cassiterite  (tinstone)  is  an  illustration. 

Decrepitation. — If  a  product,  consisting  of  a  crystallized  mineral  and  an 
amorphous  mineral,  or  of  two  crystallized  minerals  which  decrepitate  at  differ- 
ent temperatures,  be  heated  on  a  plate  one  of  the  minerals  may  decrepitate  or 
break  up  into  small  fragments  while  the  other  remains  unchanged.  The  removal 
of  barite  from  blende  is  an  illustration  of  this. 

§  643.  Centrifugal  Force. — If  an  emulsion  of  two  liquids  be  placed  in  a  strons 
cylinder  which  is  being  revolved  at  high  speed,  the  lighter  component  liquid  seeks 
the  center  of  the  cylinder  while  the  heavier  seeks  the  circumference.  This  prin- 
ciple is  used  in  the  milk  separator.  If  water  carrying  fine  mineral  slimes  be 
put  in  the  above  cylinder  the  solid  particles  all  seek  the  circumference,  and  prob- 
ably do  so  in  the  same  order  that  they  would  fall  under  free  settling  conditions. 
It  would  soem,  therefore,  that  the  best  that  could  be  expected  would  be  the  un- 
watering  of  fine  pulp.  The  efforts  to  utilize  this  principle  have  not  produced  a 
machine  which  is  generally  accepted  in  ore  dressing. 
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Brittleness  under  Crushing  Force, — Of  two  minerals  being  subjected  to  crush- 
ing by  pressure  as  with  rolls,  one  many  be  brittle  and  break  easily  to  fine  grains, 
while  the  other  is  tenacious  or  even  malleable,  and  refuses  to  be  broken  finely. 
Natiye  copper  and  gangue  may  be  so  separated,  but  the  separation  is  incomplete 
since  there  is  always  some  fine  copper  to  go  with  the  gangue. 

Friability  under  a  Blow, — Of  two  minerals  subjected  to  the  beating  action  of 
high  speed  revolving  beaters,  one  may  be  broken  into  small  grains  while  the 
other  is  not.  The  Vapart  Disintegrator  has  been  used  to  separate  blende  from 
pyrite  by  this  principle. 

§  644.  Combinations  op  Principles  op  Separation. — If  the  above  principles 
of  concentration  be  used  alone  uncombined  with  others,  they  would  in  most  cases 
give  very  incomplete  concentration  of  values  or  none  at  all.  But  on  the  other 
hand,  if  they  are  suitably  combined  a  separation  may  be  made  as  complete  as 
commercial  conditions  will  allow.  Some  of  these  combinations  will  now  be 
given : 

Sizing  before  Sorting  is  a  combination  illustrated  in  trommels  followed  by 
j^ggii^g  with  water  or  air,  and  in  screening  followed  by  Clarkson-Stanfield  cen- 
trifugal dry  separators.  In  both  of  these  groups  the  screening  places  together 
grains  of  the  same  size,  but  different  gravities,  and  the  jigging  or  the  dry 
separating  separates  the  heavier  grains  of  each  group  from  the  lighter. 

Sizing  followed  by  Agitation  is  a  combination  illustrated  by  slime  table  mid- 
dlings treated  on  a  vannef.  Here  the  slime  table  has  removed  the  larger  part 
of  the  fine  concentrates,  and  sends  its  middlings,  which  are  coarser,  to  a  vanner, 
which  separates  the  valuable  minerals  from  the  waste,  making  a  very  appropriate 
grouping  of  machines. 

Sizing  followed  by  Magnetism  and  by  Sorting  occurs  in  trommels  followed 
by  Wetherill  magnets  and  by  jigs  in  Mill  92.  The  trommel  puts  like  sizes  to- 
gether, the  magnet  takes  out  the  franklinite  suitable  for  zinc  oxide  furnace  and 
Spiegel  furnace,  and  the  jig  saves  the  willemite  and  zincite  from  the  limestone 
for  the  spelter  furnace. 

§  645.  Sorting  before  Sizing  is  illustrated  by  a  classifier  followed  by  a  slime 
table,  or  by  a  Pape-Henneberg  dry  separator  followed  by  a  slime  table.  The  box 
classifier  or  Pape-Henneberg  machine  puts  the  small  grain  of  mineral  of  highcrr 
gravity  with  the  larger  grain  of  lower,  and  the  table  following,  by  its  quality  of 
sizing,  retains  the  small  grain  of  heavy  mineral  and  rejects  the  large  grain  of 
waste. 

Sorting  followed  by  Agitation  occurs  where  a  classifier  is  followed  by  a  vanner. 
This  is  not  an  entirely  logical  method,  as  the  vanner  does  not  require  the  larger 
grains  of  heavy  mineral  to  be  taken  out.  It  is  really  an  expedient  to  get  a  series 
of  products  to  be  treated  by  a  series  of  vanners. 

Sorting  followed  by  Suction  is  diown  by  a  hydraulic  classifier  followed  by  a 
bedded  jig.  The  classifier  puts  the  smaller  grains  of  heavy  mineral  with  the 
larger  grains  of  lighter  mineral.  The  bedded  jig  by  suction  draws  down  the 
small  grains  of  heavy  mineral  through  the  interstices  into  the  hutch  below. 

Sorting  followed  by  Suction  and  again  by  Suction  occurs  where  a  classifier  is 
followed  by  a  roughing  jig  and  by  a  finishing  jig.  The  classifier  puts  the  larger 
lighter  grains  with  the  smaller  heavier.  The  roughing  jig  with  its  coarse  bed 
and  rapid  treatment  rejects  the  largest  light  waste,  yielding  a  hutch  product  of 
small  quantity  for  the  finishing  jig  to  treat  more  slowly  with  a  finer  bed.  On 
the  finishing  jig  light  particles  are  lifted  during  pulsion  while  the  fine  heavy 
particles  are  drawn  down  through  the  bed  into  the  hutch  during  suction. 

Amalgamation  followed  by  Agitation  occurs  where  an  amalgamated  plate  is 
followed  by  a  vanner.    The  amalgamated  plate  saves  the  bright  free  gold  and  the 
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vanner  saves  the  rusty  gold  and  the  values  that  are  associated  with  the  heavy 
mineral. 

Amalgamation  and  Agitation  followed  by  Sorting,  Sizing,  a/nd  Agitation  is  a 
combination  8>hown  by  amalgamated  plate,  vanner^  classifier,  canvas  table,  and 
vanner.  The  plate  takes  the  clean  gold,  the  first  vanner  the  coarser,  heav)' 
values,  the  classifier  throws  away  in  its  spigot  product  the  coarse  waste,  the  canvas 
table  throws  away  a  finer  waste  product,  and  finally  the  little  vanner  saves  the 
finest  values,  rejecting  the  finest  waste. 

§  646.  Various  other  combinations  are  in  use  as  will  be  seen  by  the  reader  when 
he  studies  the  mill  schemes,  and  furthermore,  new  combinations  may  suggest 
themselves  to  him. 

Theoretically  the  principles  would  allow  a  perfect  separation,  but  practically 
such  is  rarely,  if  ever,  obtained.  This  incompleteness  of  the  separation  is  due  to 
.various  causes,  the  complete  removal  of  which  is  not  commercially  possible. 
Considering  Mills  1  to  43  inclusive,  which  have  the  valuable  mineral  generally 
in  the  form  of  sulphide  associated  with  gangue,  we  have,  after  crushing,  the 
valuable  minerals  existing  as:  (a)  compact  grains,  (6)  flattish  grains,  (c)  in- 
cluded grains,  and  (d)  fine  slimes.  The  compact  grains  (a)  are  easily  separated 
unless  the  machines  are  run  too  fast.  The  flattish  grains  (6)  are  difficult  to 
separate  owing  to  their  slowness  in  settling.  The  included  grains  (c)  prevent  a 
perfect  separation  since  they  oblige  us  to  send  gangue  into  the  heads  and  values 
into  the  tailings,  or  else  make  a  middling  product  requiring  re-treatment  This 
middling  product  will  include  also  some  of  the  flattish  grains.  The  fine  slimes 
(d)  are  saved  with  difficulty  because  they  settle  so  slowly,  and  are  so  easily  car- 
ried forward  by  water  currents  that  the  commercial  limit  is  reached  before  the 
last  of  the  values  is  saved.  A  discussion  of  the  commercial  limits  in  ore  dress- 
ing will  be  found  in  §  832. 

Schemes  of  Mill  Treatment. 

§  647.  The  great  variety  of  states  of  mineral  aggregation  existing  in  ores, 
which  may  indicate  entirely  different  treatment  for  two  ores  of  even  identically 
the  same  chemical  composition,  seems  to  make  it  necessary  that  this  work  should 
lay  before  its  readers  a  great  many  mills,  representing  as  great  a  number  of 
variations  as  possible.  In  this  way  the  intelligent  reader  will  see  how  others  have 
handled  the  various  difficulties  of  their  problems,  will  form  his  own  opinions  as 
to  their  virtues  and  faults,  and  will  derive  guidance  for  the  solution  of  his  own 
problems.    With  this  aim  in  view  the  following  mill  schemes  are  inserted. 

(a)    SIMPLE  JIGGING  MILLS  USING  HAND  JIGS. 

§  648.  This  group  includes  Mills  1,  2  and  3,  and  a  general  description  of  Hand 
Jigging  at  Joplin.  Hand  jigging  plants  are  generally  used  on  mine  fines  without 
crushing,  to  bring  up  ores  that  are  already  moderately  high  grade,  that  is,  to  put 
three  tons  or  less  of  ore  into  one  ton  of  concentrates.  They  are  generally  used 
without  a  breaker ;  for  whenever  it  pays  to  put  in  the  latter  with  the  necessary 
engine  it  is  usual  to  go  further  and  add  a  pump  and  power  jigs. 

The  hand  jig  is  one  of  the  cheapest  and  simplest  washers,  and  can  be  put 
together  with  few  tools  in  out  of  the  way  places ;  where  labor  is  cheap  the  cost 
per  ton  is  low,  and  when  the  tonnage  is  low  the  simplicity  of  the  hand  jig  gives 
it  preference  over  the  more  complicated  power  jigging  plants.  It  is  very  useful 
in  the  early  stages  of  mining  and  concentrating  operations  to  settle  the  questions 
how  much  can  be  saved,  what  is  the  quality  of  the  valuable  minerals  that  are 
saved,  and  what  is  probably  the  best  method  of  concentrating.    There  are  certain 
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districts,  particularly  in  the  Missouri  and  Kansas  zinc  regions,  where  the  seat  of 
mining  operations  changes  every  little  while  and  the  hand  jig  can  be  picked  up 
and  moved  to  the  new  plant  with  little  cost.  A  more  elaborate  mill  could  not  be 
easily  moved.  At  Granby,  Missouri,  the  miners  with  their  hand  jigs  (Mill  2) 
partially  concentrate  the  ore  and  the  concentrates  are  finished  in  a  larger,  more 
systematic  mill  (Mills  16  and  17). 

§  649.  Mill  No.  1.  The  Genesee- Vanderbilt  Mining  Company,  Guston, 
Colorado. — The  mill  runs  day  shift  only.  The  ore  consists  of  the  economic 
minerals  gold  and  silver  bearing  pyrite,  galena,  blende  and  a  little  polybasite, 
and  a  gangue  of  quartz,  porphyry,  barite  and  clay.  The  pyrite  has  very  little 
value,  and  is  kept  out  as  much  as  possible  in  the  mine.  The  copper  in  the 
ore  is  rarely  above  3%.  The  problem  is  to  save  the  gold,  silver,  lead  and  copper. 
The  ore  is  picked  in  the  mine  into  shipping  ore  which  goes  to  smelter  and  con- 
centrating ore  which  goes  to  the  mill  and  is  shoveled  to  (1). 

1.  Gravel  screen.     Oversize  to  (2) ;  undersize  to  (3). 

2.  Picking  floor.     Smelting  ore  to  smelter;  residue  to  waste. 

3.  From  (1).  Hand  jig  with  sieve  having  f-inch  square  holes.  Top  skim- 
mings to  waste;  bottom  skimmings  to  (5) ;  hutch  (when  enough  has  accumu- 
lated) to  (4). 

4.  Same  jig  with  an  S-mesh  sieve  laid  over  the  f-inch  sieve.  Top  skimmings 
to  waste;  bottom  skimmings  and  hutch  to  (5). 

5.  Prom  (3)  and  (4).  Concentrates  floor.  They  are  sacked  and  shipped  to 
smelter. 

Laborers'  wages  are  $2.50  per  day,  mechanics'  $3.70.  The  price  of  board  is 
$1  per  day;  of  coal  $6.50  per  ton  delivered. 

§  650.  Mill  No.  2.  Granby  Hand  Jig,  Granby,  Missouri. — Capacity  8 
tons  per  day  (probably  10  hours).  The  mill  runs  day  shift  only,  6  davs  per 
week.  The  ore  consists  of  the  economic  minerals  blende,  calamine  and  galena 
m  coarse  crystallization  and  a  gangue  of  quartz,  flint,  calcite  and  dolomite.  The 
problem  is  to  save  the  zinc  and  lead.  The  ore  is  hoisted  from  the  mine  by 
bucket  and  hand  whin  to  (1). 

1.  Spalling  floor.  The  ore  is  broken  to  3  inches  diameter  and  shoveled 
to  (2). 

2.  Trough  washer.     Clay  and  fine  stuflE  to  waste;  coarse  stuff  to  (3). 

3.  Gravel  screen  with  l^-inch  square  holes.     Oversize  to  (4) ;  undersize  to  (5). 

4.  Picking  floor.  Blende  and  calamine  to  (8) ;  galena  to  (9) ;  residue  to 
waste. 

5.  Prom  (3).  Hand  jig  on  zinc  ore.  Top  skimmings  to  waste;  middle  skim- 
mings to  (8) ;  bottom  skimmings  (when  enough  has  accumulated)  to  (6) ; 
hutch  to  (7). 

6.  Same  jig  on  galena  ore.  Top  skimmings  to  (8) ;  bottom  skimmings  to  (9) ; 
hutch  to  (9). 

7.  Prom  (5).     Same  jig  on  fine  stuff.     Products  like  (6). 

8.  From  (4),  (5),  (6)  and  (7).     Zinc  concentrates  bins.     To  Mill  17. 

9.  From  (4),  (6)  and  (7).     Lead  concentrates  bins.     To  Mill  16. 

The  labor  required  is  two  men.  The  lead  ore  from  the  mine  runs  5  to  50% 
galena,  lihe  lead  concentrates,  75  to  95%  ;  the  zinc  ore  runs  10  to  75%  blende  and 
calamine,  the  zinc  concentrates,  50  to  95%.  One  hundred  tons  of  ore  jrield  from 
10  to  33  tons  of  concentrates. 

§  651.  Mill  No.  3.  Hell  upon  Earth,  Joplin,  Missouri. — Capacity  50 
tons  in  9  hours.  The  mill  runs  9  hours  per  day,  6  days  per  week.  The  ore 
consists  of  the  economic  minerals  blende  and  galena  in  coarse  crystallization 
and  a  gangue  of  limestone  and  flint.  The  problem  is  to  save  the  zinc  and  lead. 
Ore  is  hoisted  to  (1). 
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1.  Receiving  floor.    The  ore  is  shoveled  to  (2). 

2.  One  Blake  breaker,  6X8  inches.    To  (3). 

3.  One  pair  of  rolls,  12  X  14  inches,  set  J  inch  apart.    To  (4). 

4.  Three  No.  1  or  roughing  hand  jigs.  Top  skimmings  to  waste;  middle 
skimmings  returned  to  jig;  bottom  skimmings  to  (5) ;  coarse  hutch  to  (5) ;  fint 
hutch  (sludge)  from  rear  part  of  jig  tank  sold  to  sludge  mill. 

5.  One  No.  2  or  flnishing  hand  jig.  Top  skimmings  to  waste;  middle  skim- 
mings returned  to  jig;  bottom  skimmings  to  (6);  coarse  hutch  to  (6);  fine 
hutch  (sludge)  sold  to  sludge  mill. 

6.  One  No.  3  or  lead  hand  jig.  Top  skimmings  (blende)  to  market;  middle 
skimmings  returned  to  jig;  bottom  skimmings  (galena)  to  market;  hntch 
(galena)  to  market. 

The  labor  i*equired  is  9  men :  3  on  breaker  and  rolls,  3  on  No.  1  jigs,  2  on  No.  2 
jig  and  1  on  No.  3  jig.  Wages  are  $1.76  per  day.  The  power  is  from  a  boiler 
running  at  65  pounds  pressure  and  burning  1  ton  of  coal  per  day.  An  engine 
with  cylinder  8  X  12  inches  making  160  revolutions  per  minute  furnishes  25 
horse  power  for  running  the  mine  hoist,  the  breaker  and  the  rolls.  One  hundred 
tons  of  ore  yield  14  to  16  tons  of  zinc  concentrates  and  2  to  4  tons  of  lead  con- 
centrates. 

§  652.  Usual  Practice  of  Hand  Jigging  in  the  Joplin  Dibtbict,  Mis- 
souri.— The  ore  is  practically  the  same  as  that  described  in  §  663. 

The  roughing  jig  receives  the  undersize  of  a  gravel  screen  with  holes  1-ineh 
square.  The  screen  of  the  hand  jig  has  spaces  f  to  ^  inch  (9.5  to  12.7  mm.) 
wide,  and  on  it  is  a  coarse  open  bottom  bed  of  blende  about  2  inches  deep.  The 
ore  is  shoveled  on  this  to  a  depth  of  about  8  inches,  and  is  jigged  with  a  long 
stroke,  the  man  standing  on  a  spring  board.  His  hands  move  as  much  as  12  to 
14  inches,  and  the  jig  screen  moves  2  to  3  inches.  The  downward  movement 
of  the  screen  is  as  fast  as  possible;  this  is  effected  by  a  loose  eye  connection. 
The  upward  movement  is  slow  and  strong  for  suction,  and  there  is  a  slight  pause 
at  each  end  of  the  stroke.  Practically  all  the  fine  galena  and  blende  is  sucked 
down  through  the  jig  screen  into  the  tank;  a  little  gangue  also  goes  down. 
When  the  jigging  is  finished  the  screen  is  lifted  up,  the  top  waste  layer  is  skimmed 
down  to  "chats"  or  included  grains,  the  screen  frame  is  again  filled  up  with  ore 
and  jigging  renewed.  This  is  repeated  five  or  six  times.  The  top  layer  is  then 
skimmed  off  to  waste;  the  middle  la^-er  of  "chats"  is  sent  to  a  custom  crusher; 
the  bottom  layer  of  concentrates  is  picked  by  hand  into  two  products,  blende 
and  galena  which  go  to  concentrates  bins.  The  "smittem"  which  passes  through 
the  jig  screen  and  settles  in  the  jig  tank  is  shoveled  from  the  tank  to  the  ji^ 
screen  to  drain  and  then  skimmed  out  upon  the  platform.  This  process  concen- 
trates 4  or  5  tons  into  1  ton.  Sometimes  the  "smittem"  is  rejigged  on  the  rough- 
ing jig  using  a  deeper  blende  bed.  This  makes  "second  smittem"  which  is  much 
cleaner  than  the  "first  smittem,"  3  or  4  tons  being  reduced  to  1  ton. 

The  cleaning  jig  has  the  same  size  of  screen  as  the  roughing  jig,  but  it  uses 
a  deeper,  finer,  closer  bottom  bed.  The  motion  for  the  cleaning  jig  is  a  short 
quick  stroke  with  very  small  motion,  an  art  that  has  to  be  learned.  The  "smit- 
tom"  is  treated  with  a  galena  bottom  bed.  This  takes  out  the  galena  as  pure 
product  in  the  jig  tank  below.  The  jig  yields  besides  this,  top  skinunings  seni 
to  the  platform  to  be  recleaned  for  blende ;  a  lead  middling  product  returned  to 
the  next  charge;  and  lead  bottom  skimmings  sent  to  the  lead  bin.  After  the 
lead  has  all  been  taken  out  the  jig  screen  is  charged  with  a  blende  bottom  bed 
deeper,  finer  and  closer  than  that  of  the  roughing  jig,  and  the  lead-free  zinc- 
charged  skimmings  are  cleaned  upon  it.  This  operation  yields  top  skimmings  to 
waste,  middle  skimmings  returned  with  next  charge,  bottom  skimmings  and 
clean  blende  siftings  in  the  tank  which  go  to  the  sludge  mill. 
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Two  roughing  jigs  keep  one  cleaning  jig  busy.  A  three-jig  plant  in  six 
9-hour  days  can  concentrate  100  tons  of  mine  ore  (rough  dirt)  carrying  6  to  7% 
zinc,  and  requires  three  men  on  the  jigs  and  one  on  the  picking  of  the  oversize 
of  the  1-inch  gravel  screen.  From  100  tons  of  ore  they  get  25  tons  of  "first 
smittem,"  or  8  tons  of  "second  smittem/'  or  7  tons  of  zinc  and  lead  concen- 
trates. 

The  rough  stuff  and  "chats"  go  to  the  custom  crusher  together  where  they  are 
crushed  to  pass  through  a  screen  with  ^-inch  holes,  and  are  then  returned  and 
treated  on  the  roughing  jig.  The  work  of  the  hand  jigging  mills  is  generally 
considered  to  be  about  80%  as  efficient  as  that  of  the  power  jigging  mills  given 
in  §  662  and  §  663. 

(6)   PLANTS  USING  LOO  WASHERS  OR  OTHER  SIMILAR  WASHING  DEVICES  WITH  OR 

WITHOUT    JIQS. 

§  653.  This  group  includes  Mills  4,  5,  and  the  Iron  Mountain  mill  on  iron  ore, 
and  Mills  6,  7,  8,  and  the  Mons  plant  on  phosphate.  Where  large  quantities  of 
worthless  clays  are  mixed  with  lumps  and  sands  containing  valuable  minerals, 
the  log  washer  has  proved  superior  to  all  other  devices  for  separating  the  former 
from  the  latter  preparatory  to  the  final  separation  by  hand  picking,  jigging,  etc. 
It  yields  the  lumps  and  sands  at  the  upper  end,  and  the  fine  waste  material  at  the 
lower  end.  The  size  limit  can  be  regulated  by  the  slope  of  the  trough,  the  quantity 
of  water,  and  the  height  of  the  dam  at  the  lower  end.  In  Mill  4  the  log  prepares 
for  screens,  hand  picking  and  jigs:  in  Mill  5  for  screens;  the  Iron  Mountain  mill 
used  hydraulic  giants  instead  of  log  washer,  and  it  finished  the  treatment  by 
jigs;  Mill  6  has  only  pump  and  screen  without  the  log;  in  Mill  7  a  hydraulic 
giant  helps  the  disintegration  of  the  phosphate  before  the  log  washer,  while 
screens  and  further  washing  with  a  jet  come  later;  Mill  8  has  rolls  before  the  log 
washer  and  screens  after  it.  Mill  93  also  belongs  partly  in  this  class,  but  as  it 
has  magnetic  treatment  it  is  put  elsewhere. 

In  phosphate  dressing  in  Florida,  which  is  one  of  the  largest  centers  of  the 
industry,  the  deposits  may  be  divided  into  four  classes,  as  follows:  (1)  Hard 
rock  deposits  in  which  much  of  the  phosphate  is  in  large  rich  boulders  which  can 
bo  ground,  and  sent  straight  to  market.  Stuff  that  is  finer  and  leaner  has  to  be 
crushed,  washed  and  sized  as  in  Mill  8.  (2)  Soft  rock  deposits  require  no  wash- 
ing of  the  ore,  but  it  is  simply  dried  and  ground  for  the  market.  (3)  Land 
pebble  deposits  are  usually  mined  with  a  steam  shovel  or  a  clam-shell  dipper 
when  the  matrix  is  clayey,  while  for  a  sandy  matrix  a  hydraulic  giant  is  used  to 
disintegrate  the  material  and  a  centrifugal  pump  to  elevate  it*  The  treatment 
consists  of  washing,  screening  and  drying  as  in  Mill  7.  (4)  River  pebble  de- 
posits are  dredged  by  means  of  a  centrifugal  pump  and  suction  pipe,  or  some- 
times other  forms  of  dredging  apparatus  may  be  used.  The  method  of  treatment 
is  illustrated  in  Mill  6. 

The  Mons  plant  represents  a  European  method  of  washing  phosphate.  It  does 
not  properly  belong  in  this  group,  but  is  inserted  for  purpose  of  comparison.  In 
comparing  this  plant  with  Mills  6,  7  and  8,  the  reader  should  notice  the  fine- 
ness of  its  crushing  and  the  extent  of  its  graded  treatment.  This  seems  necessary 
owing  to  the  fineness  of  the  dissemination,  and  the  low  specific  gravity  of  the  phos- 
phate (average  3),  which  is  only  a  little  above  that  of  the  gangue.  Although  the 
Mons  plant  probably  makes  a  better  saving  than  the  Florida  plants  yet  it  would 
be  too  costly  to  erect  and  run  for  ores  in  this  country,  and  would  be  unable  to 
compete  with  the  simple  and  cheap  dressing  in  South  Carolina  and  Florida. 

§654.  Mill  No.  4.  N.  Henninger's  Limontte  Washer,  Trexler  Town, 
Pennsylvania. — ^This  mill  probably  runs  only  during  the  day  shift  and  not  on 
Sunday.     The  ore  is  soft  and  consists  of  the  economic  mineral  limonite,  and 


896  ORB  DRESSING.  §  655 

gangue.     The  problem  is  to  save  the  coarse  linionite  free  from  gangue  and  from 
all  line  stuff.     The  ore  is  shoveled  into  tip  carts  and  hauled  and  dunn)ed  to  ( 1 ). 

1.  Car  holding  800  pounds,  running  on  inclined  hoist.     To   (2). 

2.  Ijog  washer.     Heads  to  (3) ;  tailings  to  waste  (used  for  filling). 

3.  Trommel.  Sectional  with  -^,  \  and  1-inch  holes.  Over  1  inch  ta  (4) ; 
through  1  on  i  to  (5) ;  through  i  on  T*y  to  (6) ;  through  ^^  to  waste  diunp. 

4.  Picking  table.     Waste  to  dump;  residue  to  blast  furnace. 

6.  From  (3).  No.  1  jig.  A  movable-sieve  jig.  Hutch  to  (7);  tailings  to 
waste  dump. 

6.  From  (3).  No.  2  jig.  A  movable-sieve  jig.  Hutch  to  (8)  ;  tailings  to 
waste  dump. 

7.  From  (5).  Chute,  widened  to  small  picking  table  at  end.  Waste  (small 
in  amount)  to  dump;  residue  to  wheelbarrow  for  blast  furnace. 

8.  From  (6).  Chute,  widened  to  small  picking  table  at  end.     Products  like 

§  655.  Mill  No.  5.  Limonite  Washer,  Longdale,  Virginia. — (See  Figs. 
191a  and  191&.)— Capacity  333  tons  in  10  hours  (800  tons  in  24  hours).  The 
mill  runs  10  hours  per  day,  six  days  per  week,  except  the  classifier,  which 
runs  24  hours  per  day.  The  ore  consists  of  the  economic  mineral  limonite,  of 
concretionary  structure,  and  a  gangue  of  clay  and  shale  with  sandstone  and 
pebbles.  The  problem  is  to  save  the  limonite.  The  ore  is  hauled  from  the 
adit  level  of  the  mine  in  cars  holding  about  1  ton  each,  and  dumped  upon  (1). 

1.  Flat  grizzly  with  2-inch  spaces.  Oversize  is  separated  by  spalling  and 
hand  picking  on  the  grizzly  into  clean  lumps  thrown  to  (2),  and  residue  broken 
to  pass  through;  undersize  to   (3). 

2.  iBin  for  clean  lumps.     By  cars  to  blast  furnace. 

3.  From  (1).  Bin,  holding  about  50  tons.  By  gate  and  chute  to  ears  hold- 
ing 5^  tons,  hauled  3  to  5  miles.     To  (4). 

4.  Bins.     Two  receiving  bins  holding  about  95  tons.     By  chute  to  (5), 

5.  From  (4)  and  (8).  Four  log  washers,  in  two  pairs.  Heads  to  (6)  ;  tail- 
ings to  (8). 

6.  No.  1  screens.  Four  trommels  with  ft-inch  round  holes,  connected  to  \oz 
washers.     Oversize  to  blast  furnace;  undersize  to  (7). 

7.  No.  2  screens.  Four  stationary  inclined  screens  with  14-mesh  square  holo<. 
Oversize  to  blast  furnace;  undersize  to  (9). 

8.  From  (5).  No.  3  screens.  Two  stationary  inclined  screens  with  ^-inA 
round  holes.     Run  alternately.     Oversize  by  shovel  to  (5) ;  undersize  to  (9). 

9.  From  (7)  and  (8).  A  Johnson  mechanical  sand  shoveler.  Coarse  sand 
to  cars  and  thence  by  bin  and  feeder  to  (10)  ;  fine  silt  and  water  overflow  to  (12). 

10.  No.  4  screen.  A  trommel  with  4-me8h  square  holes.  Oversize  (sticks, 
leaves,  coarse  lumps,  etc.,  small  in  amount)  to  waste;  undersize  to  (11). 

11.  A  Richards  annular  classifier.     Spigot  to  blast  furnace;  overflow  to  waste. 

12.  From  (9).     Settling  ponds.     vSettlings  and  water  are  both  waste. 

The  labor  required  is  7  men,  six  around  the  log  washers  and  one  around  the 
classifier. 

The  power  i^  furnished  by  a  steam  engine  and  amounts  to  25  horse  power  for 
tihe  four  log  washers.  An  average  of  six  days'  run  showed  2,750  pounds  of  conl 
burned  in  10  hours. 

The  water  flows  to  the  mill  without  pumping.  The  amount  of  water  flowing 
away  from  the  sand  shoveler  is  700  gallons  per  minute  and  from  the  classifier 
spigot  14.9  gallons  and  from  the  classifier  overflow  80.1  gallons.  This  makes  a 
total  of  795  gallons  per  minute  plus  that  required  for  the  boilers  and  that  con  • 
tained  in  the  concentrates. 

One  hundred  tons  of  crude  ore  yield  75  tons  of  concentrates  from  the  lor 
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washers.  In  the  classifier  an  average  of  several  days  showed  51.5  tons,  contain- 
ing 42.1%  iron,  treated  per  24  hours,  which  yielded  26.19  tons  of  concentrates 
with  45.56%  iron,  and  25.31  tons  of  tailings  with  38.47%  iron. 

§  656.  Mill  of  Iron  Mountain  Mining  Company,  Iron  Mountain,  Mis- 
,  souBi. — The  ore  consisted  of  the  economic  mineral  hematite  of  the  hard  variety 
mixed  with  considerable  clay  and  some  quartz  and  small  quantities  of  apatite 
and  pyrite  in  fine  grains.  The  problem  was  to  save  the  hematite.  The  ore  was 
removed  from  its  banks  and  disintegrated  by  hydraulicking.  After  being  carried 
some  distance  by  the  stream  it  was  subjected  to  a  second  treatment  by  hydraulic 
giants  which  further  disintegrated  it  and  washed  it  into  bins.  The  water  over- 
flowed from  these  bins  and  carried  away  the  fine  clay  to  waste  and  also  some  fine 
hematite.  The  residue  was  drawn  off  by  chutes  into  dump  carts  and  hauled  to 
the  mill  bins,  from  which  it  was  elevated  to  another  set  of  bins  delivering  by 
chutes  to  combined  wash  and  sizing  trommels.  The  oversize  was  hand  picked 
if  necessar3',  while  the  undersize  which  was  not  over  1  inch  in  size,  was  sized  by 
four  trommels  (the  first  one  had  two  sizes  of  holes)  and  a  one-spigot  classifier, 
into  six  sizes  which  were  treated  on  Bradford  eccentric  movable-sieve  power  jigs. 
The  overflow  of  the  classifier  was  waste.  The  concentrates  from  all  the  jigs  went 
to  the  blast  furnace ;  the  tailings  from  the  first  four  were  recrushed  by  breaker 
and  rolls  and  elevated  back  to  the  first  trommel;  the  tailings  of  the  other  two 
jigs  were  waste.     The  concentrates  were  reported  as  containing  68%  iron. 

§  657.  Mill  No.  6.  Peace  Eiver  Phosphate  Company,  Hull,  Florida. — 
This  is  a  "River  Pebble"  deposit  in  the  bed  of  the  river.  The  ore  consists  of  the 
economic  mineral  phosphate  in  nodular  form  loosely  mixed  with  a  gangue  of 
sand.  The  nodules  vary  from  \\  inches  down  to  a  pin  head  in  size;  the  finest 
is  the  richest.  The  problem  is  to  save  the  phosphate  above  a  certain  grade  of 
richness. 

A  flat  boat  is  provided  with  a  boiler,  engine  and  centrifugal  pump,  and  a  fixed 
inclined  screen  with  slots  -j^  X  If  inches  in  size.  The  centrifugal  pump  lifts  the 
phosphate  from  the  river  bottom  to  the  screen  through  a  flexible  suction  pipe, 
about  10  inches  in  diameter,  carried  on  a  boom.  The  undersize  of  the  screen 
is  mostly  sand,  and  is  delivered  by  a  pipe  back  over  the  stern  of  the  boat  into  the 
river  again ;  the  oversize  (mostly  phosphate)  is  transferred  to  barges  which  carry 
it  to  the  drying  plant  on  shore. 

In  the  drying  plant  the  phosphate  is  put  through  a  drying  furnace,  and  thence 
goes  to  a  trommel  4  feet  in  diameter,  with  4  feet  of  |-inch  holes  and  8  feet  of 
1-inch  holes.  The  undersize  of  f-inch  goes  to  a  second  trommel  4  feet  in  diam- 
eter, and  16  feet  long,  with  14-mesh  holes.  The  oversize  of  1  inch  and  the 
undersize  of  14-mesh  are  both  below  the  standard,  and  are  waste ;  the  intermediate 
sizes  are  shipped  to  market. 

The  product  contains  from  58  to  63%  calcium  phosphate  {Csl^^O^)  and 
2  to  3%  iron  oxide  (FejO,)  and  alumina  (AlgOg). 

§658.  Mill  No.  7.  The  Land  Pebble  Phosphate  Company,  Pebble, 
Florida. — This  runs  12  hours  per  day.  The  deposit  is  a  "Land  Pebble"  de- 
posit. The  economic  mineral  is  phosphate  in  nodules  ranging  from  IJ  down  to 
tV  inch  in  size  and  less,  with  a  gangue  of  hard  blue  clay.  The  problem  is  to 
save  the  phosphate.  The  deposit  is  5  to  15  feet  thick,  overlaid  by  3  to  12  feet 
of  so-called  sand.  Between  the  sand  and  the  phosphate,  iron  ore  is  sometimes 
found.  The  phosphate  bed  becomes  richer  in  phosphate  nodules  toward  the 
bottom.  The  deposit  is  situated  in  a  swamp  300  feet  wide,  more  or  less,  and  of 
indefinite  length,  the  level  of  which  is  about  that  of  the  water.  The  land  rises 
slightly  on  each  side,  and  at  the  lower  end  a  low  dam  or  dyke  is  built  to  raise  the 
level  of  the  water. 
A  lake  was  made  200  feet  or  more  in  diameter,  and  20  feet  deep  by  the  dredg- 
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ing  apparatus  and  method  about  to  be  described.  A  flat  boat  is  provided  with 
dredging  and  washing  apparatus  as  follows:  two  boilers,  an  engine,  a  Camerm 
steam  pump,  a  centrifugal  pump,  screens  and  two  log  washers.  This  boat,  which 
is  60  feet  long,  25  feet  wide  and  5  or  6  feet  deep,  is  floated  to  the  advance  side 
of  the  lake.  A  pit  100  feet  in  diameter  (enlarged  from  a  small  hand  pit  10  fett 
in  diameter  and  5  feet  deep),  leaving  a  narrow  strip  or  dyke  10  feet  wide  to 
serve  as  a  dam,  has  its  surface  sand  removed  by  the  Cameron  steam  pump  con- 
nectea  with  a  hydraulic  giant  having  a  l^-inch  nozzle,  and  by  the  centrifugal 
pump,  the  sand  being  discharged  at  the  rear  side  of  the  lake.  When  the  top  of 
the  phosphate  has  been  cleaned  off,  a  sump,  3  feet  in  diameter,  is  excavated  in 
the  phosphate,  the  suction  of  the  centrifugal  pump  is  dropped  into  this  pit,  thi» 
hydraulic  giant  loosens  up  the  phosphate,  and  the  centrifugal  pump  lifts  it  to 
the  boat.  Extra  water  is  furnished  by  a  little  surface  ditch  from  the  200-fo«r 
lake  to  help  wash  the  phosphate  into  the  sump,  and  to  supply  the  eentrifugai 
pump.  This  ditch  is  constructed  around  to  the  further  side  of  the  100-foot  pit, 
and  is  moved  forward  as  the  work  of  excavation  advances.  When  the  whob 
100-foot  pit  has  been  excavated  the  water  from  the  200-foot  lake  is  admitted  bv 
hydraulicking  down  the  dam,  and  its  debris  is  lifted  by  the  centrifugal  pump. 
Then  another  pit  100  feet  in  diameter  is  started,  and  the  process  repeated.  Tho 
very  first  pit  of  all  has  to  be  made  with  the  boilers,  pumps,  etc.,  mounted  on 
land. 

During  the  whole  period  of  excavating  the  phosphate  and  of  removing  the  dam, 
the  washing  process  goes  on  as  follows:  The  discharge  of  the  centrifugal  pump 
goes  to  (1). 

1.  No.  1  screen.  A  fixed  inclined  screen,  slightly  concdve  in  cross  section,  ."i 
feet  wide  and  15  feet  long,  with  slots  ^^  ^  f  i^ch.  Oversize  to  (2)  ;  undereize, 
waste,  to  rear  side  of  the  200-foot  lake. 

2.  A  screen  bottomed  distributing  chute  with  slots  tS-  X  f  inch.  Oversize  to 
(3) ;  undersize,  waste,  to  lake. 

3.  Two  single  log  washers.     Heads  to  (4) ;  tailings,  waste,  to  lake. 

4.  Grizzly.  Oversize  (clay  balls,  sand,  iron  ore  and  sticks)  to  waste;  under- 
size to  (5). 

5.  No.  2  screen.  A  fixed  inclined  screen  allowing  i)ebbles  1  inch  and  less 
in  diameter  to  pass  through.     Oversize,  waste,  to  lake;  undersize  to  (6). 

6.  Transporting  barges  decked  over  flush  with  the  gunwale.  A  little  wasto 
rock  is  picked  out  by  hand  here.  These  are  poled  by  hand  across  the  lake  to  the 
land  plant,  and  the  phosphate  is  washed  oflf  by  a  hydraulic  giant  to  (7). 

7.  A  sump  in  the  bottom  of  the  lake.  The  phosphate  is  lifted  by  a  centrif- 
ugal pump  to  (8). 

8.  A  jet  washer.     To  (9). 

9.  No.  3  screen.  A  fixed  inclined  unwatering  screen  with  slots  T*r  ^  f  inch.  A 
little  waste  is  occasionally  picked  out  here.  Undersize,  waste,  to  lake;  oversize 
elevated  to  storage  bin,  thence  by  chute  to  revolving  driers,  4  feet  in  diameter  and 
30  feet  long,  and  thence  by  elevator  to  storage  shipping  bin. 

The  most  effective  disintegration  of  the  clay  is  done  by  the  powerful  jet  which 
makes  the  first  excavation. 

The  men  required  are :  1  dredge-master,  1  fireman,  1  extra  hand  on  the  dredge, 
3  to  4  men  in  the  100-foot  pit,  2  men  on  the  barges.  The  number  of  men  on  the 
land  plant  is  not  known  by  the  author. 

Power  is  furnished  on  the  dredge  by  two  66  X  18-inch  return  tubular  boiler< 
and  a  50-hor8e  power  engine. 

The  amount  of  water  running  into  the  lake  from  external  sources  is  1,000  to 
1,500  gallons  per  minute.     This  is  used  over  and  over. 

The  final  product  contains  from  68  to  73%  calcium  phosphate.     The  ship- 
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iiicnts  are  150  to  200  tons  of  clean,  dry  phosphate  per  day.  The  land  plant 
can  handle  all  the  material  from  two  dredges. 

§  G59.  Mill  No.  8.  Dunnellon  Phosphate  Company,  Dunnellon, 
Florida. — Capacity  about  400  tons  in  10  hours,  depending  upon  the  richness 
of  the  rock.  The  mill  runs  10  hours  per  day.  Tliis  is  a  "Hard  Kock"  deposit. 
The  economic  mineral  is  phosphate  which  is  mined  in  open  pits,  and  has  much 
sand,  clay,  etc.,  mixed  with  it  as  gangue.  The  problem  is  to  save  the  phosphate. 
The  ore  comes  first  to  a  grizzly  (giating) ;  the  oversize  is  fed  to  toothed  rolls, 
and  then  joins  the  undersize  which  goes  to  a  double  log  washer  and  yields  tailings 
(fine  clay  and  sand)  which  are  waste,  and  heads  (coarse  material).  These  latter 
are  screened  on  a  concentric  trommel  with  ^-inch  lioles  in  the  inner  screen  and 
^inch  holes  in  the  outer  screen.  The  oversize  of  ^  inch  is  conveyed  by  an  end- 
less chain  pan  conveyor  to  the  dry  kilns,  and  while  on  the  way  the  refuse  is  picked 
out ;  stuflf  through  |  inch  on  -^  inch  goes  to  the  dry  kiln ;  the  undersize  of  -^ 
inch  is  waste.  The  kilns  or  heaps  are  35  X  100  feet,  and  have  wood  at  the  bottom 
2  feet  thick,  over  which  the  phosphate  is  piled  until  it  is  12  feet  thick.  It  re- 
quires 25  to  30  cords  of  wood  to  dry  100  tons  of  phosphate.  The  ore  as  mined 
contains  15  to  40%  commercial  phosphate,  that  is,  100  tons  of  mine  ore  yield 
15  to  40  tons  of  dry  phosphate,  which  will  contain  75  to  80%  calcium  phosphate. 

§  660.  Phosphate  Dressing  Plant  at  St.  Symphorien,  Near  Mons,  Bel- 
gium.— Capacity  250  tons  in  10  hours.  The  mill  runs  10  hours  per  day.  Thi3 
ore  consists  of  the  economic  mineral  phosphate  in  a  gangue  of  yellowish  white 
friable  stone,  mostly  limestone  with  some  chert.  The  problem  is  to  save  the 
phosphate.     The  ore  is  brought  by  cars  and  dumped  upon  (1). 

1.  An  oscillating  bar  screen  with  2f-inoh  spaces.  Water  is  sprayed  over  the 
:)re.     Oversize  to  (2) ;  undersize  to  (4). 

2.  Hand  picking.     Flint  to  waste;  residue  to  (3). 

3.  Blake  breaker  crushing  to  2f  inches.     To  (4). 

4.  From  (1)  and  (3).  Three  Bourdais  disintegrators  crushing  to  f  inch  and 
less.    Product  mixed  with  water  goes  bv  two  raff  wheels  to  (5). 

6.  Two  trommels  with  ^-inch  holes.  Oversize  (mostly  chert)  to  waste; 
undersize  by  two  distributing  launders  with  10  spigots  each,  to  (6). 

6.  Twenty  classifiers,  with  two  pockets  each.  Spigots  of  Ist  pocket  to  (7) ; 
of  2d  to  (8) ;  overflow  to  (16). 

7.  Twenty  unwaterers.     Spigots  to  (9) ;  overflow  to  (16). 

8.  From  (6)  and  (14).  Four  spitzkasten  with  3  spigote  each.  1st  spigot  to 
(10)  ;  2d  to  (11) ;  3d  to  (12) ;  overflow  to  (13). 

9.  From  (7).  Twenty  jigs.  3-8ieve  jigs.  Heads  (3  qualities)  by  3  raff 
wheels  to  (14) ;  tailings  to  (16). 

10.  From  (8).  Four  Linkenbach  tables,  23  feet  in  diameter.  Heads  by  2 
raff  wheels  to  (14) ;  tailings  to  (16). 

11.  From  (8).  Two  Linkenbach  tables,  26  feet  3  inches  diameter.  Heads  by 
2  raff  wheels  to  (14)  ;  tailings  to  (16). 

12.  From  (8).  Two  Linkenbach  tables,  26  feet  p  inches  in  diameter.  Heads 
by  2  raff  wheels  to  Q4) ;  tailings  to  (16). 

13.  From  (8).  Two  Linkenbach  tables,  26  feet  3  inches  in  diameter.  Head*^ 
to  (15) ;  tailings  to  (16). 

14.  From  (9),  (10),  (11),  (12).  Eighteen  settling  tanks.  Twelve  receive 
concentrates  from  jigs  and  six  from  tables.  Settlings  are  dug  out  periodically, 
dried  and  sent  to  market;  overflow  by  centrifugal  pump  to  (8). 

15.  From  (13).    Eight  settling  tanks.     Settlings  to  market;  overflow  to  (16). 

16.  From  (6),  (7),  (9),  (10),  (11),  (12),  (13),  (15).  Centrifugal  pumps. 
By  launders  to  settling  pits  for  waste. 
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Power  is  furnished  by  a  200-horse  power  engine.  The  power  actually  re- 
quired is  120  horse  power. 

The  ore  contains  20  to  30%  tribasic  phosphate  of  lime  (CajPaOg),  and  the 
concentrates  contain  40  to  50%. 

Note  that  this  mill  in  (4)  and  (5)  makes  use  of  the  principle  of  disintegra- 
tion followed  by  screening  to  get  rid  of  part  of  the  waste. 

(c)     SIMPLE   JIGGING   MILLS   USING   POWEB   JIGS. 

§  661.  This  group  includes  Mills  9,  10,  11,  and  12  on  blende  ores,  and  Mills 
13,  14,  and  the  Sulphur  Minos  Company's  mill  on  pyrite  ores.  These  have  a  few 
machines  of  large  capacity,  mostly  jigs,  which  may  or  may  not  be  preceded  by 
breaker  and  rolls.  In  Mills  9  and  10  the  blende  is  in  very  large  crystals,  making 
little  included  grains  or  slimes  when  coarsely  crushed.  The  middlings  are  simply 
sent  back  into  the  system.  In  Mill  12  the  blende  is  finer,  and,  therefore,  makes 
more  included  grains  than  the  others.  In  Mills  13,  14,  and  that  of  the  Sulphur 
Mines  Company  the  included  grains  are  dumped  with  the  tailings  as  having  pros- 
pective but  no  present  value.  The  finest  slimes  are  not  saved.  Mills  9  and  10 
make  a  three  mineral  separation  between  galena,  blende  and  gangue.  Mill  11  is 
called  a  sludge  mill,  and  cleans  up  the  fine  material  from  such  mills  as  Noe.  2, 
3,  9  and  10.  The  simplicity  of  these  mills  seems  to  be  due  to  the  absence  of 
the  precious  metals  and  the  coarseness  of  the  crystallization  and  it  does  not  pay 
to  clean  the  tailings  as  closely  as  with  many  other  ores. 

Mills  9  and  10  represent  the  standard  method  of  treating  the  zinc  ores  of 
Southwest  Missouri.  To  a  newcomer  in  the  district  the  process  seems  crude, 
and  is  frequently  condemned.  It  has  been  claimed  by  the  inexperienced  that 
there  must  be  a  large  loss  from  the  lack  of  graded  crushing  and  sizing,  and  that 
one-third  of  the  zinc,  which  might  be  partly  saved  by  more  systematic  treatment, 
is  thrown  away.  The  fact  remains,  however,  that  other  more  elaborate  mills,  for 
example  Mill  15,  have  been  erected,  but  have  not  stood  the  test  of  competition 
with  such  Mills  as  9  and  10.  The  cause  of  their  failure  lies  in  the  local  condi- 
tions. The  mines  are  pockety  and  do  not  justify  the  building  of  an  exp>en8ive 
mill,  and  the  ore  is  in  coarse  crystallization,  which  makes  the  separation  not  verv 
difficult. 

The  average  ore  of  the  district  contains  2  or  3%  lead  and  3  to  10%  zinc, 
mostly  5  or  6%  zinc.  It  also  contains  more  or  less  pyrite  or  marcasite.  The 
galena  concentrates  have  76  to  83%  lead,  and  rarely  over  2%  iron  or  zinc.  Well 
cleaned  blende  concentrates  will  assay  62%  zinc,  not  over  0.2%  lead,  and  0.75% 
or  more  iron,  according  to  the  amount  of  pyrite  in  the  ore.  Calculating  the 
zinc,  lead  and  iron  into  sulphides  will  account  for  96  or  98%  of  the  zinc  concen- 
trates, leaving  only  2  to  4%  of  gangue.  Sometimes  the  iron  in  the  zinc  con- 
centrates runs  up  to  10  or  15%,  but  where  it  is  more  than  4%  the  value  of  the 
concentrates  is  decreased  so  that  it  has  been  found  profitable  to  give  them  a 
roast  and  magnetic  treatment,  which  makes  clean  blende,  and  roasted  pyrite 
containing  15  to  25%  zinc.  In  well  run  mills  the  tailings  contain  less  than  d.2^% 
lead,  and  not  more  than  1  or  2%  zinc.  An  examination  of  the  tailing  shows 
that  they  contain  practically  no  free  grains  of  valuable  mineral,  but  they  do 
have  more  or  less  "chats"  or  included  grains.  This  of  course  does  not  include 
the  fine  sludge.  Some  mills  have  free  grains  in  their  tailings  due  to  poor  run- 
ning or  to  overcrowding  of  the  mill,  but  under  proper  conditions  the  jigs  can 
save  all  the  valuable  material  ranging  from  \  inch  down  to  40  mesh. 

The  local  terms  used  in  the  Southwest  Missouri  district  are:  "dirt,*'  which 
means  mine  ore;  ''mundic,"  which  means  pyrite  or  marcasite;  "jack,''  which 
means  blende  or  zinc  concentrates;  "chats,"  which  signifies  included  grains. 
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especially  middlings  from  the  jig  discharges,  in  which  the  blende  is  attached  to 
or  included  in  grain*  of  gangue ;  "smittem,"  which  signifies  the  unfinished  fine 
hutch  product  in  which  the  gangue  is  simply  mixed  with  the  blende  in  loose 
individual  grains;  "sludge/'  which  signifies  the  fine  slimes. 

Simple  power  jigging  mills  were  formerly  used  upon  magnetic  ores.  At 
Crown  Point,  New  York"^the  ore  was  crushed  to  ^  inch,  and  then  sized  by-^ 
inch  screens,  the  two  sizes  being  jigged  separately  on  Wendt  jigs.  At  Lyon 
Mountain,  New  York^**  ""*  ^•,  the  ore  was  crushed  to  i  inch,  and  was  then  jigged, 
without  sizing,  by  Conkling  jigs. 

§  662.  Mill  No.  9.  Henry  Faust,  Galena,  Kansas. — Capacity  60  to  100 
tons  in  10  hours  on  ore  containing  25%  blende  and  crushed  through  i  inch 
(sec  Table  296).  The  mill  runs  10  hours  per  day,  six  days  per  week.  The  ore 
is  similar  to  that  in  Mill  10,  except  that  it  is  richer,  but  the  machinery  and 
the  process  are  much  the  same.    The  plant  consists  of  a  Blake  breaker^  two  pairs 


FIG.  611. — PLAN  OP  MILL  10. 

of  rolls,  elevators,  trommel,  a  5-sieve  roughing  jig  and  a  finishing  jig,  both  of  the 
ilarz  type,  Faust  pattern. 

§  663.  Mill  No.  10.  I  Know  Mining  Company,  Joplin,  Missouri. — (See 
Pig.  511.) — Capacity  100  to  120  tons  in  10  hours.  The  mill  runs  10  hours  per 
day,  6  days  per  week.  The  ore  consists  of  the  economic  minerals  blende  and 
galena,  almost  always  in  coarse  crystallization,  and  a  gangue  chiefly  of  flint  and 
limestone.  The  problem  is  to  save  the  zinc  and  lead.  The  ore  is  hoisted  in  a 
bucket  with  a  capacity  of  1,100  pounds,  to  (1). 

1.  Receiving  floor.     By  shovel  to  (2). 

2.  One  No.  1  Blake  breaker,  10  X  13  inches,  crushing  to  J  inch.     To  (3). 

3.  From  (2)  and  (5).  One  No.  1  trommel  with  ^-inch  round  holes.  Over- 
size to  (4)  :  undersize  to  (6). 

4.  One  pair  of  No.  1  or  roughing  rolls,  22  X  14  inches,  set  close  together. 
To  (5). 

5.  From  (4)  and  (8).    No.  1  bucket  elevator  ("ore  elevator"').     To  (3). 
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6.  From  (3).  No,  1  or  roughing  jig.  A  S-sieve  Harz  jig.  1st  discharge 
wheeled  to  (14) ;  2d  wheeled  to  (12) ;  3d  wheeled  to  (12)*  or  to  (7)  ;  4th  and 
5th  to  (7);  all  five  hutches  to  (9) ;  tailings  to  (11). 

7.  From  (6)  and  (10).    No.  2  bucket  elevator  ("chats  elevator"').    To  (8). 

8.  One  pair  of  No.  2  rolls  ("chats  rolls'"),  15  X  14  inches,  set  close  togetiier. 
To  (5). 

9.  From  (6).    No.  3  bucket  elevator  ("smittem  elevator*').    To  (10). 

10.  No.  2  ot  cleaning  jig.  A  6-sieve  Harz  jig.  1st  discharge  wheeled  to  (14 )  : 
2d,  3d  and  4th,  wheeled  to  (12) ;  5th  and  6th  to  (7) ;  Ist  hutch  wheeled  to 
(14) ;  2d,  3d,  4th,  5th  and  6th  hutches  wheeled  to  (12) ;  tailings  to  (11). 

11.  From  (6)  and  (10).  No.  4  bucket  elevator  ("tailings  elevator"').  To 
dump. 

12.  From  (6)  and  (10).    No.  5  bucket  elevator  ("jack  elevator").    To  (13). 

13.  Bin  for  zinc  concentrates,  holding  100  tons.    To  market. 

14.  From   (6)   and   (10).     Bin  for  lead  concentrates.    To  market. 

The  labor  required  is:  1  foreman,  2  breaker  men,  2  jig  men  and  1  efngineer. 
Wages  range  from  $1.50  for  laborers  to  $2.50  for  foreman. 

The  power  is  furnished  by  an  85-horse  power  boiler  run  at  80  pounds  pres- 
sure per  square  inch  and  a  56-horse  power  Atlas  engine.  Three  tons  of  coal  cost- 
ing $2  per  ton  are  burned  per  day.  Power  is  distributed  as  follows:  mine  hoist, 
20  horse  power ;  mine  pump,  10 ;  mill  pump,  10 ;  breaker,  15 ;  trommel,  1 ;  5  ele- 
vators, 15 ;  2  pairs  of  rolls,  10 ;  2  jigs,  10. 

The  water  is  pumped  from  a  nearby  pond  up  25  feet  to  a  tank  at  the  top  of 
the  mill,  4  feet  above  the  receiving  floor,  by  a  centrifugal  pump  running  at  825 
revolutions  per  minute,  and  discharging  through  a  3-inch  pipe. 

The  ore  contains  ^%  lead  and  9^%  zinc;  the  lead  concentrates  contain  80*;^ 
load  and  a  trace  of  zinc;  the  zinc  concentrates  contain  63%  zinc  and  a  trace  oT 
lead;  the  tailings  contain  from  a  trace  up  to  1%  zinc  and  a  trace  of  lead-  O  «' 
hundred  tons  of  ore  yield  8^  to  10  tons  of  zinc  concentrates  and  400  to  500 
pounds  of  lead  concentrates. 

§  664.  Mill  No.  11.  Alma  Emmons  Sludge  Mill,  Galena,  Kansas. — 
Capacity  60  tons  in  10  hours.  The  mill  runs  10  hours  per  day,  6  days  per  wei»k. 
The  ore  is  the  fine  unfinished  blende  ore  mainly  from  the  hand  jigging  mills  lik-* 
Mill  3,  but  sometimes  from  those  like  Mills  9  and  10.  The  problem  is  to  save 
the  zinc  and  lead.     The  ore  is  hauled  by  wagon  to  (1). 

1.  Receiving  floor.     Shoveled  to  (2). 

2.  One  No.  1  concentric  trommel,  with  inner  screen  of  1-inch  square  hole^ 
and  outer  of  1-mm.  round  holes.  Over  1  inch,  to  waste;  through  1  inch  on 
1  mm.,  to  (3) ;  through  1  mm.  to  (5). 

3.  Hand  jigs.  1st  or  top  skimmings  to  waste;  2d  or  middle  skimmings  ro- 
tumed  to  jig;  3d  skimmings  (blende)  to  market;  4th  or  bottom  skimmingts 
(galena)  to  market;  hutch  to  (4). 

4.  Same  jig  on  fine  stuff  with  a  finer  screen.  Top  skimmings  to  waste;  bot 
tom  skimmings  and  hutch  (blende)  to  market. 

5.  From  (2).  One  No.  1  huddle.  A  convex  circular  huddle.  Inner  rin*r 
(galena  and  blende)  to  (6) ;  second  ring  (blende  and  galena)  to  (7)  ;  third 
ring  (blende  and  gangue)  to  (8) :  outer  ring  to  waste. 

6.  From  (5)  and  (7).  One  No.  2  huddle  treating  galena  stuff,  run  about 
every  six  months.  A  convex  circular  huddle.  Inner  ring  (galena)  to  market : 
second  ring  (galena  and  bleiide)  returned  to  huddle;  third  ring  (blende)  to 
market;  outer  ring  (blende  and  gangue)  to  (7). 

7.  From  (5),  (6)  and  (8).  No.  2  huddle,  treating  blende  stuff.  Inner  rin*/ 
(galena  and  blende)  to  (6)  ;  second  ring  (blonde)  to  market;  third  ring  (blend- 
and  gangue)   returned  to  buddle;  outer  ring  to  waste. 
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8.  From  (5).  One  No.  3  buddle.  A  rectangular  buddle.  Upper  portion 
(blende  and  gangne)  to  (7) ;  middle  portion  (gangue  and  blende)  returned  to 
buddle;  lower  portion  to  waste. 

The  ore  or  sludge  contains  8  to  15%  blende ;  the  jig  concentrates  contain  96% 
blende,  and  the  buddle  concentrates,  90%.  One  hundred  tons  of  sludge  yield 
S  to  17  tons  of  zinc  concentrates,  and  a  small  amount  of  lead  concentrates. 
The  mill  saves  about  90%  of  the  zinc. 

§  666.  Mill  No.  12.  Friedensville  Zinc  Company,  Fbiedbnsvillb,  Penn- 
sylvania.— Capacity  120  to  135  tons  in  10  hours.  The  mill  runs  10  hours 
per  day,  6  days  per  week.  The  ore  consists  of  the  economic  mineral  blende, 
mostly  in  coarse  crystallization,  and  a  gangue  of  limestone  with  a  little  quartz. 
The  ore  is  hand  picked  in  the  mine.  Lumps  larger  than  6  inches  are  hoisted  in 
bucket  to  (1) ;  stuff  smaller  than  6  inches  is  hoisted  separately  in  bucket  to  (7). 

1.  Picking  floor.     Waste  to  dump;  residue  to  (2). 

2.  From  (1),  (9)  and  (11).  One  No.  1  Blake  breaker,  6X8  inches,  crushing 
to  1  inch.    To  (3). 

3.  From  (2)  and  (4).  One  pair  of  No.  1  rolls,  26  X  12  inches,  set  close 
together.    To  (4). 

4.  No.  1  screen.  A  trommel  with  2-mesh  square  holes.  Oversize  by  sand 
wheel  elevator  to  (3) ;  undersize  to  (5). 

5.  From  (4),  (14)  and  (15).  Four  No.  1  jigs.  Movable  sieve  power  jigs. 
Top  skimmings  to  waste;  middle  skimmings  returned  to  jig;  bottom  skimmings 
to  spelter  furnace;  hutch  shoveled  to  (6). 

6.  From  (6),  (12)  and  (15).  Two  No.  2  jigs.  Movable  sieve  power  jigs. 
Top  skimmings  to  waste;  middle  skimmings  returned  to  jig;  bottom  skimmings 
to  spelter  furnace;  hutch  to  (13). 

7.  From  mine  bucket.  No.  2  screen.  An  inclined  gravel  screen  with  1^- 
inch  square  holes.     Oversize  to  (8) ;  undersize  to  roaster  for  oxide  or  to  (10). 

8.  No.  1  rinsing  table  perforated  with  J-inch  round  holes.  Oversize  shoveled 
to  (9)  ;  undersize  to  (12). 

9.  No.  1  picking  table.  Stationary  rectangular  table  covered  with  old  trom- 
mel screens.  Ist  grade  ore  to  spelter  furnace;  2d  to  (2);  3d  to  roaster  for 
oxide ;  waste  to  dump. 

10.  From  (7).  No.  2  rinsing  table  perforated  with  f-inch  round  holes.  Over- 
size to  (11)  ;  undersize  to  (13)  or,  if  very  muddy,  to  (14)  or  (15). 

11.  No.  2  picking  table.    Like  No.  1  picking  table.    Products  like  (9). 

12.  From  (8).  Four  No.  3  jigs.  Movable  sieve  power  jigs.  Products  like 
(5). 

13.  From  (6)  and  (10).  One  No.  4  jig.  A  4-sieve  Harz  jig.  Top  skim- 
mings returned  to  jig;  bottom  skimmings  and  hutch  to  spelter  furnace;  tail- 
ings to  waste. 

14.  From  (10).  A  trough  washer.  Heads  (gravel  and  sand)  to  (6);  tail- 
ings (fine  clay)  to  waste. 

15.  From  (10).  No.  3  screen.  A  trommel  with  |-inch  round  holes.  Over- 
•^ize  to  (5) ;  undersize  to  (6). 

The  labor  required  is  1  foreman,  1  engineer,  1  fireman,  1  coal  wheeler,  1 
i^reen  man,  18  boys  and  men  in  picking  department,  7  men  and  6  boys  in  jig- 
ping  department,  1  trough  washer  man  and  1  helper.  Wages  range  from  $0.25 
por  day  for  small  boys  to  $1.25  for  men  laborers  and  to  $2  for  the  foreman. 
Board  costs  $15  per  month ;  coal,  $2  per  ton ;  wood,  $2.60  per  cord. 

Power  is  furnished  by  a  15-horse  power  engine.  The  water  required  is 
fi2,000  gallons  per  10  hours. 

The  ore  contains  16  to  20%  zinc ;  the  concentrates,  46  to  48%  zinc ;  the  tail- 
ings, 10  to  15%  zinc.    One  hundred  tons  of  ore  yield  about  33  tons  of  con- 
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centrates.  There  are  also  about  35  tons  of  ore  picked  out  yearly  in  the  mine 
which  does  not  need  any  concentration.  It  will  be  noted  that  there  are  two 
grades  of  concentrates :  the  first  grade  which  goes  to  the  spelter  furnace,  for  mak- 
ing metallic  zinc^  and  the  second  grade  which  goes  to  the  roaster  for  making  zinc- 
oxide. 

§666.  Mill  No.  13.  Eustis  Mining  Company,  Eustis,  Province  of 
Quebec,  Canada. — Capacity  of  the  rock  house  60  tons  in  10  hours;  of  the  mill 
50  tons  in  10  hours.  Both  run  10  hours  per  day,  6  days  per  week,  but  the  mill 
is  run  only  every  other  summer.  The  ore  consists  of  the  economic  mineraN 
pyrite,  chalcopyrite,  arsenopyrite,  enargite  and  a  gangue  of  quartz  and  mica 
schist.  The  problem  is  to  save  the  sidphur,  copper,  silver  and  arsenic  The 
market  has  called  for  varying  schemes  of  dressing  at  different  times.  The 
most  complete  scheme  produced  the  following  classes :  (a)  pyrite,  low  in  copper, 
for  sulphuric  acid  works;  (6)  pyrite,  high  in  copper  and  low  in  silver,  for  copper 
furnace;  (c)  pyrite,  high  in  copper  and  high  in  silver,  to  silver-copper  furnace; 
(d)  pure  quartz  and  chalcopyrite  (flux  ore)  to  copper  refining  furnace;  (e) 
arsenopyrite  stored  for  a  possible  value  later;  {f)  mica  schist  to  waste.  The 
scheme  used  at  present  is  as  follows :  The  ore  is  hoisted  in  cars,  wheeled  to  the 
rock  house  and  dumped  upon  (1). 

Rock  House. 

1.  No.  1  grizzly  with  2-inch  spaces.     Oversize  to  (2) ;  undersize  to  (4). 

2.  Spalling  floor.  The  ore  is  broken  with  sledges  and  hand  picked.  Arseni- 
cal ore  to  its  heap;  flux  ore  to  its  heap;  waste  to  dump;  residue  to  (3). 

3.  One  No.  1  Blake  breaker,  10  X  16  inches,  crushing  to  2  inches.     To   (5). 

4.  From  (1).  One  No.  2a  and  one  No.  26  grizzly.  Fixed  inclined  screens 
with  f-inch  square  holes.  The  second  screen  is  put  in  below  and  treats  the 
oversize  of  the  first  to  complete  the  work.  Oversize  of  No.  26  to  (7)  ;  undersize 
of  both  by  car  f  mile  to  (8). 

6.  From  (3).  One  No.  3  grizzly.  A  fixed  inclined  screen  with  f-inch  square 
holes.     Oversize  to  (13);  undersize  to  (6). 

6.  One  No.  4  grizzly.  A  fixed  inclined  screen  with  J-inch  square  holes.  Over- 
size to  (13) ;  undersize  by  car  J  mile  to  (8). 

7.  From  (4).  Washing  box  and  stationary  picking  table.  Ore  is  rinsed  on 
a  plate  with  J-inch  round  holes.  Oversize  sboveled  to  picking  table  which  yields 
waste  by  barrows  to  dump  and  good  ore  to  (13) ;  undersize  by  cars  f  mile  to  (8). 

Mill. 

8.  From  (4),  (6)  and  (7).    Receiving  floor.     Shoveled  to  (9). 

9.  One  No.  1  concentric  trommel  with  inner  screen  of  ^inch  square  holes 
and  outer  of  J-inch  square  holes.  Over  ^-inch  to  (10) ;  through  J  on  J-inch  to 
(11) ;  through  J-inch  to  (12). 

10.  Four  No.  1  jigs.     1-sieve  CoUom  jigs.     Hutch  to  (13) ;  tailings  to  (14). 

11.  From  (9).  Two  No.  2  jigs.  1-sieve  CoUom  jigs.  Hutch  to  (13) ;  tail- 
ings to  (14). 

12.  From  (9).  Two  No.  3  jigs,  l-sieve  Collom  jigs.  Hutch  to  (13) ;  tail- 
ings to  (14). 

13.  From  (5),  (6),  (7),  (10),  (11),  (12).  Concentrates  piles.  These  arp 
shipped  to  sulphuric  acid  works,  and  after  the  removal  of  the  sulphur,  the  resi- 
due is  turned  over  to  copjier  works  to  save  the  copper  and  silver. 

14.  From  (10),  (11),  (12).     Tailings  launder  to  dump  150  feet  diistant. 
The  labor  required  is  21  men.     The  rock  house  employs  1  foreman,  1  engineer 
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and  fireman,  3  men  spalling,  2  men  at  barrows,  4  boys  picking,  1  man  in  washing 
box,  2  boys  at  breaker.  The  mill  employs  1  foreman,  1  engineer  and  fireman. 
2  shovelers,  3  boys.  Wages  range  from  $0.40  or  $0.50  per  day  for  boys  up  to 
$1.20  for  men  laborers  and  to  $2  for  foremen.  Board  costs  $13  per  month; 
wood,  $2.40  per  cord;  coal  would  cost  $4.30  per  ton,  if  used. 

The  power  at  the  rock  house  is  from  a  boiler  10  feet  long,  44  inches  diameter, 
with  38  tubes  3  inches  in  diameter,  run  at  75  pounds  pressure  per  square  inch, 
and  burning  \  cord  of  wood  per  10  hours;  and  an  engine  with  cylinder  8  X  12 
inches,  making  150  revolutions  per  minute,  cutting  off  at  J  stroke,  and  de- 
veloping about  20  horse  power.  The  power  at  the  mill  is  from  a  boiler  16  feet 
long,  5  feet  diameter,  with  65  tubes  3J  inches  diameter,  run  at  60  pounds  pres- 
sure per  square  inch,  and  burning  1|  cords  of  wood  in  10  hours;  and  an  engine 
with  cylinder  10  X  14  inches,  making  90  revolutions  per  minute  and  cutting  off 
at  f  stroke. 

Water  is  pumped  from  the  river  a  distance  of  910  feet  by  a  Worthington  duplex 
pump,  steam  cylinders  1\  X  10  inches,  water  cylinders  6  X  10  inches,  making 
60  strokes  per  minute,  and  running  under  a  steam  presFure  of  55  pounds  per 
square  inch.  The  suction  pipe  is  550  feet  long,  and  the  pump  is  20  feet  above 
the  river  at  low  water;  the  discharge  pipe  is  360  feet  long,  and  the  tank  is  70 
feet  above  the  pump. 

One  hundred  tons  of  ore  hoisted  yield  in  the  rock  house  20  tons  of  waste, 
57  tons  of  shipping  ore  containing  about  42%  sulphur,  21  tons  of  milling  ore 
containing  about  36%  sulphur,  2  tons  of  fiux  ore  containing  about  35%  sulphur. 
The  21  tons  of  milling  ore  yield  in  the  mill  4  tons  of  coarse  concentrates  contain- 
ing about  40%  sulphur,  5  tons  of  medium  concentrates  containing  about  40% 
sulphur,  9  tons  of  fine  concentrates  containing  about  42.5%  sulphur  and  3  tons 
of  tailings. 

§  667,  Mill  No.  14.  The  Nichols  Chemical  Company,  Capelton,  Prov- 
ince OF  Quebec.  Ca^tada. — Capacity  very  variable  depending  upon  the  needs  of 
the  market.  The  ore  consists  of  the  economic  minerals  pyrite,  chalcopyrite  and 
arsenopyrite,  and  a  gangue  of  quartz  and  mica  schist.  The  problem  is  to  save 
the  sulphur  in  as  coarse  condition  as  possible.  There  are  two  plants,  one  at  the 
large  mine  and  one  at  the  Capel  mine,  which  is  smaller.  At  the  latter  the  ore 
is  dumped  upon  (1). 

1.  No.  1  grizzly  with  2|-inch  spaces.     Oversize  to  (5);  undersize  to  (2). 

2.  No.  2  grizzly  with  }-inch  spaces.     Oversize  to  (6) ;  undersize  to  (3). 

3.  From  (2)  and  (5).  No.  3  grizzly  with  |-inch  spaces.  Oversize  to  (6); 
undersize  to  (4). 

4.  No.  4  grizzly.  A  gravel  screen  with  |-inch  square  holes.  Oversize  to  (6)  ; 
undersize  to  (7). 

5.  From  (1).  Spalling  floor  accompanied  by  hand  picking.  Good  lump 
pyrite,  broken  to  2  or  2^  inches,  to  market;  waste  wheeled  to  dump;  small 
material  shoveled  to  (3). 

6.  From  (2),  (3)  and  (4).  Washing  tank  and  stationary  picking  table. 
Lump  pyrite  to  market;  waste  to  dump;  tank  settlings  to  (7). 

7.  Prom  (4)  and  (6).  Jigs.  2-sieve  accelerated  jigs.  Hutches  to  market; 
tailings  to  waste. 

At  the  large  mine  the  scheme  is  practically  the  same. 

One  hundred  tons  of  ore  yield  50  tons  of  concentrates.  The  coarse  jig  con- 
centrates contain  35%  sulphur  and  upward;  the  fine  jig,  36%  and  upward. 

§  668.  Sulphur  Mines  and  Railroad  Company,  Sulphur  Mines,  ViRaiNU. 
— Capacity  130  tons  in  10  hours.  The  mill  nms  10  hours  per  day.  The  ore 
consists  of  the  economic  mineral  pyrite,  and  a  gangue  of  hornblendic  schist. 
The  problem  is  to  save  the  sulphur. 
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1.  The  ore  is  hoisted  from  the  mine  to  (2). 

2.  A  grizzly  with  2i-inch  spaces.    Oversize  to  (3) ;  tmdersize  to  (4). 

3.  Picking  floor.     Shipping  ore  to  (17) ;  residue  by  car  to  (6). 

4.  From  (2).  Shoveling  floor.  The  ore  is  shoveled  by  a  fork  with  l^indi 
spaces.     Oversize  to  (5) ;  undersize  by  car  to  (6). 

5.  Hand  picking.     Shipping  ore  ("spall  ore")  to  (17) ;  residue  by  car  to  (6). 

6.  Prom  (3),  (4),  (5).  Two  No.  1  Dodge  breakers,  8  X  14  inches,  crushing 
to  i  inch.     To  (7). 

7.  One  pair  of  No.  1  rolls,  36  X  14  inches,  set  |  inch  apart    To  (8). 

8.  From  (7)  and  (9).  No.  1  screen.  A  stationary  screen,  sloping  45**, 
30  inches  wide  and  120  inches  long,  with  |  X  1-inch  slots.  Oversize  by  elevator 
to  (9) ;  undersize  to  (10). 

9.  One  pair  of  No.  2  rolls.    Like  (7).    By  elevator  to  (8). 

10.  From  (8).  No.  2  screen.  Like  (8),  but  slots  are  \X  f  inch.  Oversize 
to  (13) ;  undersize  to  (11). 

11.  No.  3  screen.  Like  (8),  but  slots  are  ^  X  f  inch.  Oversize  to  (14) ; 
undersize  to  (12). 

12.  Two  No.  1  hydraulic  classifiers  with  three  conical  pockets  28,  34  and  40 
inches  in  diameter  respectively.     Spigots  to  (16)  ;  overflow  to  (18). 

13.  From  (10).  Four  No.  1  jigs.  One-sieve  Harz  jigs  with  sieve  15  X  30 
inches;  tail  board  4  inches  high;  111  throws  per  minute  of  1\  inches  each; 
bottom  bed  of  one  complete  layer  of  iron  shot  1  inch  diameter  covered  by  another 
complete  layer  of  ^  inch  diameter.    Hutches  to  (16) ;  tailings  to  (18). 

14.  From  (11).  Six  No.  2  jigs.  Two-sieve  Harz  jigs,  with  sieves  15  X  28 
inches,  and  throw  of  f  inch;  otherwise  like  (13).  Hutehes  to  (15);  tailings 
to  (18). 

15.  From  (12),  (13),  (14).  Settling  tank  for  concentrates.  Settlings  by 
bucket  elevator  to  (16) ;  overflow  to  (18). 

16.  A  Bolthoff  drier,  6  X  42  feet  in  size  with  cast  iron  plates  traveling  about 
2  feet  per  second.  By  Robins  belt  conveyor,  moving  4  or  5  feet  per  second, 
to  (17). 

17.  From  (3),  (5),  (16).    Shipping  car,  to  market. 

18.  From  (12),  (13),  (14),  (15).     Waste  dump. 
Power  is  furnished  by  a  ISO-horse  power  Corliss  engine. 

The  mine  ore  runs  28  to  33%  sulphur  and  13%  silica.  The  lump  shipping 
ore  runs  40%  sulphur  or  more,  and  5^  to  6%  silica.  The  fine  concentrates  run 
42%  sulphur  and  5J  to  6%  silica.  The  tailings  run  11%  sulphur.  100  tons  of 
mine  ore  yield  about  44  tons  of  lump  shipping  ore,  44  tons  of  fine  concentrates 
and  12  tons  of  tailings. 

In  this  mill  all  the  screens  are  run  dry  as  they  would  be  eaten  out  in  48  hours 
by  the  acid  water  if  run  wet. 

{d)    COMPLEX    JIGGING    MILLS    WITH    BBEAKERS,    ROLLS,    SCREENS,    CLASSIFIERS, 
JIGS,  AND  TABLES  OB  VANNERS,  DRESSING  BLENDE  OR  PYRITE. 

§  669.  This  group  includes  Mills  15  to  19,  the  Vieille  Montague  mill  and 
Mills  19  to  21.  Mills  16,  17,  18,  19,  and  the  Vieille  Montague  mill  are  making 
a  three  mineral  separation  between  galena,  blende  and  gangue.  Mills  20  and  21 
have  three  minerals,  yet  do  not  make  a  three  mineral  separation.  Mill  20  has 
auxiliary  rolls  and  jigs  for  re-treating  middlings;  Mill  21  has  auxiliary  Hunt- 
ingdon mill,  classifier,  ji^s,  and  slime  table  for  re-treating  middlings;  Mills  15, 
16  and  17  recnish  middlini^s  in  auxiliary  rolls  and  send  the  pulp  back  into 
the  system.  Mills  18  and  19  make  no  middlings.  This  is  probably  because  the 
blende  tailings  are  stacked  up  for  their  prospective  value.    The  Vieille  Mon* 
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tagne  mill  is  put  into  this  group  to  indicate  one  way  that  the  question  of  three 
mineral  separation  has  been  solved  in  Europe.  In  it  the  middlings  are  re- 
crushed  by  auxiliary  rolls  and  re-treated  by  jigs  which  in  turn  make  middlings  to 
bo  again  recrushed  and  rejigged.  Such  an  elaborate  mill  appears  not  to  be  suited 
to  the  conditions  in  this  country. 

g  670.  Mill  No.  15.  Koiunoor  Mill,  Empire  Zinc  Company,  Joplin, 
Missouri. — Capacity  34  tons  in  10  hours.  The  mill  runs  10  hours  per  day, 
()  (lays  per  week.  The  ore  consists  of  the  economic  mineral  blende,  almost  always 
in  coarse  crystallization,  and  a  gaugue  of  flint.  The  problem  is  to  save  the  zinc. 
The  ore  is  hoisted  and  brought  200  feet  in  cars  to  (1). 

1.  Keceiving  floor.     By  shovel  to  (2). 

2.  No.  1  Blake  breaker,  6  X  10  inches,  crushing  to  1  inch.    To  (3). 

3.  One  pair  of  No.  1  rolls,  22  X  14  inches,  set  J  inch  apart.     To  (4). 

4.  From  (3)  and  (17).     No.  1  bucket  elevator.     To  (5). 

5.  One  No.  1  trommel  with  12.3-min.  round  holes.  Oversize  to  (11)  or  (17) ; 
undersize  to  (6). 

6.  One  No.  2  trommel  with  4.7-mm.  round  holes.  Oversize  to  (12) ;  under- 
size  to  (7). 

7.  One  No.  3  trommel  with  2.3-inm.  round  holes.  Oversize  to  (13) ;  undersize 
to  (8). 

8.  One  No.  1  hydraulic  classifier  with  two  spigots.  1st  spigot  to  (14) ;  2d 
to  (15)  ;  overflow  to  (9). 

9.  One  No.  1  surface  current  box  classifier  with  two  spigots.  1st  spigot  to 
(18) ;  2d  to  (19)  ;  overflow  to  (10). 

10.  One  No.  1  whole  current  box  classifier  with  one  spigot.  Spigot  to  (20)  ; 
nverflow  to  (22). 

11.  Prom  (5).  One  No.  1  jig.  A  4-sieve  Harz  jig.  1st,  2d  and  3d  dis- 
charges to  (21)  ;  4th  to  (16)  ;  Ist,  2d  and  3d  hutches  to  (21) ;  4th  to  (16) ; 
tailings  to  (22). 

12.  Prom  (6).     One  No.  2  jig.    A  4-sieve  Harz  jig.     Products  like  (11). 

13.  Prom  (7).     One  No.  3  jig.    A  4-sieve  Harz  jig.     Products  like  (11). 

14.  Prom  (8).  One  No.  4  jig.  A  4-sieve  Harz  jig.  1st  discharge  to  (21) ; 
1st.  2d  and  3d  hutches  to  (21) ;  4th  to  (16)  ;  tailings  to  (22). 

15.  Prom  (8).  One  No.  6  jig.  A  4-sieve  Harz  jig.  Hutches  to  (21)  ;  tail- 
ings to  (22). 

16.  Prom  (11),  (12),  (13),  (14).  No.  2  bucket  elevator  ("chats  elevator''). 
To  (17). 

17.  From  (5)  and  (16).  One  pair  of  No.  2  rolls,  22  X  14  inches,  set  close 
together.    To  (4). 

18.  Prom  (9).  One  No.  1  convex  revolving  slime  table.  Heads  to  (21); 
middlings  to  (20)  ;  tailings  tp  (22). 

19.  Prom  (9).     One  No.  2  convex  revolving  slime  table.     Products  like  (18). 

20.  Prom  (10),  (18),  (19).  One  No.  3  convex  revolving  slime  table.  Prod- 
ucts like  (18),  the  middlings  being  returned  to  the  table. 

21.  From  (11),  (12),  (13),  (14),  (15),  (18),  (19),  (20).  Bins  for  con- 
(Tntrates.  The  jig  concentrates  are  collected  in  boxes  below  the  jigs,  shoveled 
•o  barrows  and  wheeled  to  the  concentrates  bins  in  the  yard.  The  concen- 
trates from  the  tables  are  collected  in  settling  tanks,  shoveled  to  barrows  and 
wheeled  to  the  concentrates  bins. 

22.  From  (10),  (11),  (12),  (13),  (14),  (15),  (18),  (19),  (20).  Tailings 
launder  to  waste. 

The  labor  required  is  1  foreman,  1  breaker  man,  1  table  man  and  1  engineer. 
Wages  range  from  $1.75  per  day  for  laborers  to  $2.50  for  foreman.  Board  costs 
$16  per  month;  coal,  $2.50  per  ton;  wood,  $3  per  cord. 
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The  power  is  furnished  by  a  steam  boiler  18  feet  long,  60  inches  diameteii 
with  54  tubes  4  inches  diameter,  running  under  a  pressure  of  80  pounds  po) 
square  inch;  and  an  engine  with  cylinder  12  X  16  inches,  making  178  strokei 
per  minute,  and  cutting  off  at  |  stroke. 

This  mill  was  constructed  to  do  the  same  type  of  work  as  Mill  10,  but  th^ 
latter  is  the  type  still  preferred.  The  mining  and  milling  work  in  the  Joplia 
district  is  more  or  less  transient,  and  the  simpler  the  mill  the  better  it  suits  th^ 
conditions. 

This  mill  saves  about  85%  of  the  zinc.  In  §  897  are  given  some  results  of  th^ 
work  in  this  mill. 

§  671.  Mills  No.  16  and  No.  17.  Granby  Mining  and  Smelting  Com- 
pany, Granby,  Missouri. — Capacity  60  tons  in  10  hours.  The  mill  runs  IM 
hours  per  day,  six  days  per  week.  The  ore  consists  of  the  economic  minoralT^ 
blende,  calamine,  smithsonite,  galena,  cerrusite,  pyromorphite,  and  other  oxifl;i- 
tion  products,  and  a  gangue  of  flint  and  quartz  with  some  dolomite  and  ealeit*\ 
The  galena  and  blende  are  in  coarse  crystallization.  The  problem  is  to  savr 
the  lead  and  zinc.  The  ore  is  of  two  classes:  {a)  in  which  lead  predominate-, 
and  which  contains  75  to  95%  galena;  (6)  in  which  zinc  predominates,  and 
which  contains  15  to  95%  blende.  The  ore  has  already  been  partially  concen- 
trated by  the  process  described  under  Mill  2.  The  ore  is  brought  from  the  mino^ 
in  carts  of  4,000  pounds  capacity  to  a  receiving  yard,  where  it  is  inspected,  and 
the  lead  ore  goes  to  (1)  while  the  zinc  ore  is  dumped  into  piles  graded  accord  ini: 
to  kind.  When  any  grade  has  accumulated  suflSciently  for  a  run  it  is  wheeled 
to  (9). 

Mill  16.    The  Lead  Concentrating  Mill. 

Capacity  30  tons  in  10  hours. 

1.  Twelve  receiving  bins.     By  shovel  or  barrow  to  (2). 

2.  From  (1),  (4),  (10),  (19),  (20),  (21),  (22),  (23),  (24),  (25).  One 
No.  1  Blake  breaker,  6X9  inches,  crushing  to  20  mm.    To  (3). 

3.  From  (2)  and  (8).     No.  1  bucket  elevator.     To  (4). 

4.  One  No.  1  trommel.  Sectional  with  2,  5,  10  and  20-mm.  holes.  Ovor 
20  mm.  to  (2) ;  through  20  on  10  to  (5) ;  through  10  on  5  to  (6a)  ;  through 
5  on  2  to  (66) ;  through  2  to  (7). 

6.  One  No.  1  jig.  A  l-sieve  accelerated  jig.  Discharge  and  hutch  to  lead 
smelter;  tailings  to  (8). 

6a  and  66.  From  (4).  One  No.  2a  jig  and  one  No.  25  jig.  A  4-sieve  accel- 
erated jig  divided  so  as  to  make  two  2-sieve  jigs.  In  jig  2a,  Ist  discharge  t/> 
lead  smelter;  2d  to  (8) ;  hutches  to  lead  smelter;  tailings  to  waste.  In  jig  26, 
discharges  and  hutches  to  lead  smelter;  tailings  to  waste.  Here  as  also  in  the 
next  jig,  the  concentrates  from  the  1st  sieves  are  galena,  and  those  from  the 
2d  sieves  are  galena  and  cerrusite. 

7.  From  (4).  One  No.  3  jig.  A  3-sieve  Harz  jig.  1st  discharge  and  1st, 
2d  and  3d  hutches  to  lead  smelter;  tailings  to  waste. 

8.  From  (5)  and  {^).  One  pair  of  No.  1  rolls,  18  X  16  inches,  set  close  to- 
gether.   To  (3). 

Mill  17.     The  Zinc  Concentrating  Mill. 

Capacity  30  tons  in  10  hours. 
9.  From  the  yard.     Receiving  bin.     By  shovel  to  (10). 
10.  Spalling  floor,  accompanied  by  hand  picking.     Clean  lead  ore  to  lead 
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melter;  milling  lead  ore  to  (2) ;  dean  zinc  ore  to  spelter  furnace;  milling  zinc 
re  to  (11). 

1 1.  From  (10)  and  (13).  One  No.  1  Blake  breaker,  6X9  inches,  crus?hing 
o   15  mm.     To  (12). 

12.  From  (11)  and  (26).     One  No.  1  bucket  elevator.    To  (13). 

13.  One  No.  1  trommel  with  16-mm.  round  holes.  Oversize  to  (11) ;  under- 
ize  to  (14). 

14.  One  No.  2  trommel  with  10-mm.  round  holes.  Oversize  to  (26) ;  under- 
iize  to  (16). 

15.  One  No.  3  trommel.  Sectional  with  5  and  7-mm.  round  holes.  Over 
r-mm.  to  (19) ;  through  7  on  5  to  (20) ;  through  5  to  (16). 

16.  One  No.  4  trommel.  Sectional  with  2  and  3i-mm.  round  holes.  Over 
3i-Tnm.  to  (21) ;  through  3^  on  2  to  (21) ;  through  2  to  (17). 

17.  One  No.  1  hydraulic  classifier.     Spigot  to  (22) ;  overflow  to  (18). 

18.  One  No.  2  hydraulic  classifier  with  2  spigots.  1st  spigot  to  (23) ;  2d  to 
(24)  ;  overflow  to  (25). 

19.  From  (16).  Two  No.  1  jigs.  2-8ieve  accelerated  jigs  with  two  discharges 
on  the  2d  sieve.  1st  discharge  to  (2);  2d  (upper)  to  spelter  furnace;  2d 
(lower)  to  (26) ;  1st  hutch  to  lead  smelter;  2d  to  spelter  furnace;  tailings  to 
waste.  This  and  the  following  jigs  yield  mixed  galena  and  blende  from  the  first 
sieves  and  blende  from  the  later  sieves. 

20.  From  (16).  One  No.  2  jig.  A  4-sieve  accelerated  jig.  1st  discharge 
to  (2) ;  2d  and  3d  to  spelter  furnace;  4th  to  (26) ;  1st  hutch  to  (2) ;  2d,  3d 
and  4th  to  spelter  furnace;  tailings  to  waste. 

21.  From  (16).  One  No.  3  jig.  A  4-sieve  accelerated  jig.  Part  of  the 
time  it  treats  stuff  through  5  on  3^  mm.  and  part  of  the  time  stuff  through 
'U  on  2  mm.;  a  little  catch  bin  holds  the  stuff  that  is  waiting.  Products  like 
(20). 

22.  From  (17).     One  No.  4  jig.    A  4-8ieve  Harz  jig.     Products  like  (20). 

23.  From  (18).     One  No.  6  jig.     A  4-8ieve  Harz  jig.     Products  like  (20). 

24.  From  (18).  One  No.  6  jig.  A  4-sieve  Harz  jig.  1st  hutch  to  (2); 
2d,  3d  and  4th  hutches  to  spelter  furnace ;  tailings  to  waste. 

25.  From  (18).  One  No.  7  jig.  A  3-8ieve  Harz  jig.  1st  hutch  to  (2); 
'M  and  3d  hutches  to  spelter  furnace;  tailings  to  waste. 

26.  From  (14),  (19),  (20),  (21),  (22),  (23).  One  pair  of  No.  2  rolls, 
10  X  14  inches,  set  close  together.    To  (12). 

The  power  for  both  mills  is  furnished  by  a  boiler  20  feet  long,  70  inches  in 
diameter,  with  71  tubes  4  inches  in  diameter,  running  under  a  pressure  of  80 
pounds  per  square  inch  and  burning  3  tons  of  coal  per  10  hours ;  and  an  engine 
with  cylinder  12  X  24  inches,  making  80  revolutions  per  minute,  cutting  off 
at  \  stroke  and  indicating  46  horse  power. 

The  water  is  derived  from  an  artesian  well  876  feet  deep  and  is  lifted  by  a 
lift  pump  with  steam  cylinder  12  inches  in  diameter,  bucket  10  inches  in  diame- 
ter and  a  stroke  of  4  feet,  15  to  20  strokes  per  minute.  The  capacity  of  this 
pump  is  403,696  gallons  in  10  hours.  There  is  also  a  1^-inch  centrifugal  pump 
for  repumping,  with  a  capacity  of  60,000  gallons  in  10  hours. 

The  ore  coming  to  the  mills  contains  75  to  95%  galena  in  the  lead  ore  and 
15  to  95%  blende  in  the  zinc  ore.  The  concentrates  of  both  mills  contain 
from  90  to  100%  of  the  metal  bearing  mineral.  The  tailings  of  Mill  16 
contain  5%  lead  and  those  of  Mill  17  contain  3%  zinc. 

§  672.  Mill  No.  18.  Minnie  and  A.  Y.  Mill,  Leadville,  Colorado. — 
Capacity  96  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  seven  davs 
|)er  week.  The  ore  consists  of  the  economic  minerals  argentiferous  galena, 
pyrite  and  blende  and  a  gangue  of  quartz.     The  blende  is  severed  fairly  well 
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from  the  galena  by  cniahing  and  the  problem  is  to  make:  (1)  a  galena-pyrite 
product,  rich  in  lead  and  silver  and  low  in  zinc,  (2)  a  blende  product,  low  ii 
silver  and  (3)  waste  gangue.  The  ore  is  hoisted  from  the  mine,  wheeled  ii 
cars  holding  2,000  pounds  and  dumped  to  (1). 

1.  Receiving  bin  with  hopper  bottom,  holding  76  tons.  By  gate  and  chute 
to  (2). 

2.  One  No.  1  Blake  breaker,  7  X'  10  inches,  crushing  to  1^  inches.    To  (3). 

3.  From  (2)  and  (5).    No.  1  bucket  elevator.    To  (4). 

4.  One  No.  1  trommel  with  0.14-inch  square  holes.  Oversize  to  {5) ;  nnder- 
size  to  (6). 

5.  One  pair  of  No.  1  rolls,  36  X  14  inches,  set  J  inch  apart.    To  (3). 

6.  From  (4).  One  No.  2  trommel  with  6-mesh  square  holes.  Oversize  to 
(12)  ;  undersize  to  (7). 

7.  One  No.  3  trommel  with  1.5-mm.  square  holes.  Oversize  to  (13) ;  under- 
size to  (8). 

8.  One  No.  4  trommel  with  1.27-mm.  square  holes.  Oversize  to  (14)  ;  un- 
dersize to  (9). 

9.  One  No.  1  hydraulic  classifier  vnth  2  pockets.  Two  spigots  of  Ist  pocket 
to  (15) ;  spigot  of  2d  pocket  to  (16) ;  overflow  to  (10). 

10.  One  No.  1  whole  current  box  classifier.    Spigot  to  (17) ;  overflow  to  (11). 

11.  One  No.  1  settling  tankj  outside  the  building,  run  until  nearly  full  of 
sediment  and  then  cleaned  out.     Settlings  to  (18) ;  overflow  to  (19). 

12.  From  (6).  Two  No.  1  jigs.  4-sieve  Harz  jigs.  Hutches  to  (18)  ;  tail- 
ings to  (19). 

13.  From  (7).    Two  No.  2  jigs.    4-8ieve  Harz  jigs.    Product  like  (12). 

14.  From  (8).    Two  No.  3  jigs.     4-8ieve  Harz  jigs.    Products  like  (12). 

15.  From  (9).    Two  No.  4  jigs.    4-6ieve  Harz  jigs.    Products  like  (12). 

16.  From  (9).    One  No.  5  jig.    A  4-sieve  Harz  jig.    Products  like  (12). 

17.  From  (10).    Two  4-foot  Frue  vanners.    Heads  to  (18) ;  tailings  to  (19). 

18.  From  (11),  (12),  (13),  (14),  (15),  (16),  (17).  The  concentrates 
are  shoveled  from  the  settling  boxes  beneath  the  machines  and  wheeled  to  the 
bins  for  concentrates  to  be  shipped  to  the  smelter. 

19.  From  (11),  (12),  (13),  (14),  (15),  (16),  (17).  The  tailings  are 
carried  away  in  the  tailings  launder  to  the  dump  where  they  are  kept  for  their 
prospective  value  in  lead,  silver  and  zinc. 

The  labor  required'  is  10  men  per  24  hours  or  5  men  per  shift :  2  foremen, 
2  breakermen,  2  jig  men,  2  vanner  men  and  2  engineers.  Wages  range  from 
$3  per  shift  for  laborers  up  to  $4  and  $5  for  foremen.     Board  costs  $1  per  day. 

Power  is  furnished  by  a  lOO-horse  power  Babcock  and  Wilcox  boiler,  running 
under  a  pressure  of  90  pounds  per  square  inch,  and  burning  1^  tons  of  coal  in 
24  hours ;  and  a  60-horse  power  Buckeye  engine.  The  mill  requires  19^  horse 
power. 

The  mine  ore  contains  10  to  15%  lead  and  18  to  28%  zinc.    One  hundred  ton-  " 
of  ore  containing  10%  lead  and  22  to  28%  zinc  should  yield  either  33  tons  of  con- 
centrates containing  30%  lead  and  12%  zinc,  or  50  tons  containing  20%  lead 
and  15%  zinc.     One  hundred  tons  of  ore  containing  15%  lead  and  18  to  22*/c 
zinc  yield  50  tons  of  concentrates  containing  30%  lead  and  12%  zinc. 

It  will  be  noted  that  this  mill  as  above  described  only  partially  salves  the 
problem,  making  two  products  instead  of  three.  Recently  they  have  installed 
some  Bartlett  tables  and  they  are  said  not  only  to  do  better  work  than  the  jig? 
but  also  to  make  the  three  clean  products. 

§  673.  Mill  No.  19.  Moyer  Mill,  Leadville,  Colorado. — Capacity  200 
tons  in  24  hours.  The  mill  runs  24  hours  per  day,  seven  days  per  week.  TIh' 
ore  consists  of  the  economic  minerals  argentiferous  galena,  pyrite,  and  blende 
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and  a  gangue  of  quartz.  The  problem  is  the  same  as  in  Mill  18.  The  ore  is 
hoisted  in  skips  and  dumped  to  (1). 

1.  Receiving  bin.    By  gate  and  chute  to  (2). 

2.  A  stationary  picking  table.     Galena  to  lead  smelter;  blende  stored  for 
future  value;  residue  to   (3). 

3.  One  No.  1  Blake  breaker,  9  X  11  inches,  crushing  to  1^  inches.     To  (4). 

4.  One  pair  of  No.  1  rolls,  36  X  14  inches.     By  No.  1  bucket  elevator  to  (5). 

5.  From    (4)    and    (6).     One  No.   1  trommel  with    3-me8h    square    holes. 
Oversize  to  (6) ;  undersize  to  (7). 

6.  One  pair  of  No.  2  rolls,  36  X  14  inches.     By  No.  2  bucket  elevator  to  (5). 

7.  From   (5).     One  No.  2  trommel  with  5-mesh  square  holes.     Oversize  to 
(13);  undersize  to  (8). 

8.  One  No.  3  trommel  with  8-mesh  square  holes.    Oversize  to  (14)  ;  undersize 
to  (9). 

9.  One  No.  4  trommel  with  10-mesh  square  holes.     Oversize  to  (15) ;  under- 
size to  (10). 

10.  One  No.   1  hydraulic  classifier  with  3  sets  of  spigots.     Ist  spigots  to 
(16)  ;  2d  to  (17) ;  3d  to  (18) ;  overflow  to  (11). 

11.  One  No.  1  whole  current  box  classifier.     Spigots  to  (19) ;  overflow  to  (12). 

12.  No.  1  settling  tank,  outside  the  building,  run  until  nearly  full  of  sedi- 
ment, and  then  cleaned  out.     Settlings  to  lead  smelter;  overflow  to  waste. 

13.  From  (7).    Two  No.  1  jigs.    3-sieve  Harz  jigs.     Hutches  to  lead  smelter; 
tailings  to  waste  dump. 

14.  From  (8).     Two  No.  2  jigs.     3-8ieve  Harz  jigs.     Products  like  (13). 

15.  From  (9).     Two  No.  3  jigs.     4-8ieve  Harz  jigs.     Products  like  (13). 

16.  From  (10).    Two  No.  4  jigs.     One  4-sieve  and  one  3-sieve  Harz  jig. 
Products  like  (13). 

17.  From.  (10).    Two  No.  6  jigs.    4-sieve  Harz^igs.     Products  like  (13). 

18.  From  (10).     One  No.  6  jig.    A  3-sieve  Harz  jig.     Products  like  (13). 

19.  From  (11).    Two  4-foot  Frue  vanners.    Heads  to  lead  smelter;  tailings 
to  waste  dump. 

As  in  Mill  18,  the  tailings  are  all  kept  for  their  prospective  value. 

§  674.   ViEILLE     MONTAONE      COMPANY,      AmMEBERG      AND      JOHANNESBORQ, 

Provincb  op  Nerike,  Sweden.^®' — Capacity  165  tons  in  16  hours.  The  mill  is 
run  16  hours  per  day.  The  ore  consists  of  the  economic  minerals  blende,  pyrite 
and  galena  in  very  fine  crystallization  and  a  gangue  of  fine  grained  gray  gneiss. 
The  problem  is  to  save  the  galena  and  blende,  and  separate  them  from  one  another. 
There  are  three  mills :  the  rock  house  at  the  mine,  the  main  mill  at  Ammeberg, 
8  miles  distant  by  railroad,  and  the  mill  for  rich  galena  ore  at  Johannesborg, 
3  miles  from  Ammeberg. 

Bock  House. 

The  ore  hoisted  from  the  mine  goes  to  (1). 

1.  Bougji  hand  picking.    Barren  rock  to  waste;  residue  to  (2). 

2.  Breakers.    To  (3). 

3.  No.  1  trommels  with  20-mm.  holes.     Oversize  to  (4) ;  undersize  to  (8). 

4.  No.  1  revolving  picking  tables.    Blende   (7,000  tons  per  year)  to   (7) ; 
barren  rock  (over  7,000  tons  per  year)  to  waste;  residue  to  (6). 

5.  No.  2  revolving    picking    tables.     Stuff  with  blende    and    considerable 
galena  to  (41) ;  stuff  with  blende  and  little  or  no  galena  to  (6). 

6.  Calcining  kilns.    Ore  is  fed  in  alternate  layers  with  coal.    This  makes  the 
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srangue  soft  for  crushing,  and  the  pyrite  porous  and  lighter  for  the  separatioiL 
To  (20). 

Ammeberg  MilL 

7.  From  (4).    Breaker  and  No.  1  rolls.    To  smelter. 

8.  From  (3).  Hand  feeding  and  hand  picking.  Chips,  rags,  etc.,  to  waste; 
a  little  blende  to  smelter;  a  little  barren  rock  to  waste;  residue  to  (9). 

9.  No.  2  trommel  having  2i  and  5-mm.  holes.  Over  5  mm.  to  (10) ;  through 
5  on  2J  mm.  to  (16) ;  through  2|  mm.  to  (11). 

10.  No.  3  trommel  having  8,  13  and  20-mm.  holes.    Over  20  mm.  to  (12) 
through  20  on  13  to  (13) ;  through  13  on  8  to  (14) ;  through  8  to  (15). 

11.  From  (9).     No.  1  hydraulic  classifier  with  2  spigots.     1st  spigot  to  (17) 
2d  to  (18);  overflow  to  (34). 

12.  From  (10).    Hand  picking.    Blende  to  smelter;  barren  rock  to  waste 
residue  to  (20). 

13.  From  (10).  No.  1  jigs.  Intermittent  1-sieve  Harz  jigs.  Top  skimmings 
to  waste;  2d  skimmings  to  (20) ;  3d  or  bottom  skimmings  (blende)  to  smelter; 
if  galena  is  present  a  fourth  skimmings  (blende  and  gdena)  to  (20). 

14.  From  (10).  No.  2  jigs.  Intermittent  1-sieve  Harz  jigs.  Products  like 
(13). 

15.  From  (10).  No.  3  jig.  A  3-sieve  Harz  jig.  1st  sieve  (blende)  to  smelter 
or,  if  galena  present,  to  (20) ;  2d  sieve  (blende)  to  smelter;  3d  sieve  to  (20) ; 
tailings  to  waste. 

16.  From  (9).     No.  4  jig.     A  3-sieve  Harz  jig.    Products  like  (15). 

17.  From  (11).  No.  6  jig.  A  3-sieve  Harz  jig.  1st  sieve  (galena  and 
blende)  to  (19) ;  2d  and  3d  sieves  (blende)  to  smelter;  tailings  to  (30). 

18.  From  (11).     No.  6  jig.     A  S-sieve  Harz  jig.    Products  like  (17). 

19.  From  (17)  and  (18).  No.  7  jig.  A  3-sieve  Harz  jig.  1st  sieve  (ga- 
lena) to  smelter;  2d  sieve  (if  blende)  to  smelter,  or  (if  blende  and  a  little 
galena)  to  (30),  or  (if  blende  with  much  galena)  returned  to  same  jig;  3d 
sieve  (blende)  to  smelter, 

20.  From  (6),  (12),  (13),  (14),  (15),  (16)  and  (21).  No.  2  rolls,  51 
inches  in  diameter.    To  (21). 

21.  A  combination  sand  wheel  and  trommel  with  6-mm.  holes.  Oversize  to 
(20) ;  undersize  by  screw  conveyor  to  (22). 

22.  No.  4  trommel  with  2|-mm.  holes.     Oversize  to  (23) ;  undersize  to  (27). 

23.  No.  3  rolls,  51  inches  in  diameter,  crushing  to  2^  mm.     To  (24). 

24.  No.  2  hydraulic  classifier.     Spigot  by  elevator  to  (25)  ;  overflow  to  (34). 

25.  Two  No.  5  trommels  having  1,  1.4,  2  and  2.5-mjn.  holes.    To  (26). 

26.  No.  8  to  No.  12  jigs.  3-sieve  Harz  jigs  treating  the  5  products  from 
(25).  1st  sieve  (galena  and  blende)  to  (30);  2d  and  3d  sieves  (blende)  to 
smelter;  tailings  to  (30). 

27.  Prom  (22).  No.  3  hydraulic  classifier.  Spigot  by  conveyor  to  (28); 
overflow  to  (34). 

28.  No.  6  trommel  having  1,  IJ,  1|  and  2-mm.  holes.     To  (29). 

29.  No.  13  to  No.  17  jigs.  4-sieve  Harz  jigs  treating  the  5  products  from 
(28).  1st  sieve  (galena  and  blende)  to  (30);  2d  and  3d  sieves  (blende)  to 
smelter;  4th  sieve  to  (30)  ;  tailings  to  waste  or  sometimes,  if  rich,  to  (30). 

30.  From  (17),  (18),  (19),  (26),  (29),  (33)  and  (37).  Schwartzmann 
mills  and  Heberli  mills.     To  (31). 

31.  No.  4  hydraulic  classifier.     Spigot  to  (32) ;  overflow  to  (34). 

32.  No.  7  trommel  having  1,  1.2,  1.4  and  2-mm.  holes.    To  (33). 
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33.  No.  18  to  No.  22  jigs.  Harz  jigs  treating  the  products  from  (32). 
Products  like  (26)  and  (29). 

34.  From  (11),  (24),  (27),  and  (31).  No.  1  pointed  boxes.  Spigots  to 
(37)  ;  overflow  to  (35). 

35.  From  (34)  and  (39).     Spitzlutten.     Spigots  to  (38);  overflow  to  (36). 

36.  No.  2  pointed  boxes.     Spigots  to  (39) ;  overflow  to  waste. 

37.  From  (34).  No.  23  jigs.  Exact  disposition  of  products  unknown,  but 
they  probably  yield  galena  to  smelter,  blende  to  smelter,  middlings  to  (30)  and 
tailings  to  waste. 

38.  From  (35)  and  (39).  21  double  Rittinger  tables.  Exact  disposition  of 
products  unknown,  but  they  probably  yield  galena  to  smelter,  blende  to  smelter, 
middlings  re-treated  on  similar  tables  and  tailings  to  waste. 

39.  From  (36).  2-deck  revolving  slime  tables.  The  upper  deck  is  convex, 
4.5  m.  in  diameter;  the  lower  deck  is  concave,  4  m.  in  diameter.  All  stuff 
is  fed  to  lower  deck  which  yields  1st  heads  (galena  and  blende)  to  (38) ;  2d 
heads  (blende)  to  smelter;  middlings  to  (35);  tailings  to  upper  deck.  The 
upper  deck  yields  heads  (blende)  to  smelter,  or  if  fine  to  (40) ;  middlings  re- 
turned to  same  table;  tailings  to  waste. 

40.  Bumping  tables.  Heads  (blende)  to  smelter;  tailings  probably  sent 
hack  to  some  earlier  machine. 

The  labor  required  is  over  70  men  in  and  around  the  mill. 

The  power  is  furnished  by  two  water  wheels,  and  one  auxiliary  steam  engine. 

The  ore  coming  to  the  mill  averages  about  20%  zinc  and  somewhat  less  than 
1%  lead.  The  mill  saves  79%  of  the  values  which  is  very  good  considering  the 
unfavorable  character  of  the  ore. 

The  points  to  be  noticed  in  the  mill  are:  (1)  that  hydraulic  classifiers  are 
placed  before  trommels,  and  that  very  close  sizing  is  practiced,  (2)  that  a  large 
part  of  the  concentrates  are  obtained  at  a  high  expense,  (3)  that  the  concentra- 
tion of  the  blende  has  been  carried  beyond  the  ordinary  limits  of  economy.  This 
la>it  is  due  to  the  extra  purity  of  the  Arameberg  blende  which  gives  it  a  higher 
value.  This  mill  also  illustrates  the  process  of  roasting  for  porosity  by  the 
calcining  kilns  (6).  The  pyrite  is  thereby  rendered  light  enough  to  go  into  the 
tailings  with  the  gangue. 

Johannesborg  Mill. 

41.  Prom  (6).  This  is  similar  to  the  Ammeberg  mill,  but  mfuch  smaller,  the 
capacity  being  about  3,000  tons  per  year. 

§675.  Mill  No.  20.  Old  Jordan  and  Galena  Mining  Company,  Bing- 
ham, Utah. — Capacity  175  tons  in  24  hours.  The  mill  runs  24  hours  per  day, 
7  days  per  week.  The  ore  is  in  two  classes :  Class  I.,  consisting  of  the  economic 
mineral  pyrite  and  a  gangue  of  quartz  and  decomposed  porphyry;  Class  II., 
consisting  of  the  economic  minerals  pyrite,  galena  and  blende  and  a  gangue  of 
quartz  and  decomposed  porphyry.  In  both  classes  the  economic  minerals  carry 
a  little  gold  and  silver.  The  problem  in  I.  is  to  save  the  pyrite,  and  in  II.  to 
save  the  galena  and  pyrite.  Both  classes  are  treated  separatdy  in  the  same  mill. 
The  ore  is  brought  in  cars  holding  2,200  pounds  to  (1). 

1.  One  No.  1  grizzly  with  l^inch  spaces.     Oversize  to  (4) ;  undersize  to  (2). 

2.  No.  1  or  receiving  bin  holding  about  400  tons.  By  No.  1  automatic  feeder 
to  (3). 

3.  From  (2)  and  (4).  One  No.  1  trommel  with  0.25-inch  square  holes.  Over- 
size to  (5) ;  undersize  to  (7). 

4.  From  (1).  One  No.  1  Blake  breaker,  8  X  10  inches,  crushing  to  IJ  inches. 
By  No.  1  automatic  feeder  to  (3). 
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5.  From  (3),  One  pair  of  No.  1  rolls,  24  X  12  inches,  set  |  inch  apart. 
To  (6). 

6.  From  (5)  and  (8).     One  Xo.  1  huckert  elevator.    To  (7). 

7.  From  (3)  and  (6).  One  No.  2  trommel  with  0.25-inch  square  holes. 
Oversize  to  (8) ;  undersize  to  (9). 

8.  One  pair  of  No.  2  rolls,  24  X  12  inches,  set  \  inch  apart.    To  (6). 

9.  From  (7).  One  No.  3  trommel  with  0.145-inch  square  holes.  Oversize 
to  (14)  ;  undersize  to  (10). 

10.  One  No.  4  trommel  with  0.108-inch  square  holes.  Oversize  to  (15) ; 
undersize  to  (11). 

11.  One  No.  6  trommel  with  0.06-inch  square  holes.  Oversize  to  (16)  ;  under- 
size to  (12). 

12.  One  No.  1  hydraulic  classifier.     Spigot  to  (17) ;  overflow  to  (13). 

13.  Distributing  trough  with  3  spigots.  Spigots  separately  to  (18) ;  overflow 
to  (25). 

14.  From  (9).  Two  No.  1  jigs.  3-sieve  Harz  jigs.  1st  and  2d  hutches  bv 
car  to  (24) ;  3d  hutch  by  barrow  to  (19) ;  tailings,  very  little  in  quantity,  to  (26  ji. 

15.  From  (10).     Two  No.  2  jigs.     3-sieve  Harz  jigs.     Products  like  (14). 

16.  From  (11).     Two  No.  3  jigs.     3-sieve  Harz  jigs.     Products  like  (14). 

17.  From  (12).  Two  No.  4  jigs.  3-sieve  Harz  jigs.  Hutches  by  car  to 
(24) ;  tailings  to  (25). 

18.  From  (13).  Three  4-foot  Frue  vanners.  Each  treats  one  spigot  from 
(13).     Heads  to  (24) ;  tailings  to  (25). 

19.  From  (14),  (15),  (16).     No.  2  or  middlings  bin.     To  (20). 

20.  From  (19)  and  (22).    One  No.  2  bucket  elevator.    To  (21). 

21.  One  pair  of  No.  3  rolls,  16  X  9  inches,  set  close  together.    To  (22). 

22.  One  No.  6  trommel  with  0.06-inch  square  holes.  Oversize  to  (20)  ;  under- 
size to  (23). 

23.  Two  No.  5  jigs.     2-8ieve  Harz  jigs.     Hutches  to  (24) ;  tailings  to  (25). 

24.  From  (14),  (15),  (16),  (17),  (18),  (23).  Concentrates  house.  After 
draining  they  go  by  chute  to  tram  cars  and  thence  2  miles  to  the  railroad  to  ho 
shipped  to  smelter. 

25.  From  (13),  (17),  (18),  (23).     Tailings  launder  to  creek. 

26.  From  (14),  (15),  (16).    Tailings  launder  to  (27). 

27.  Two  settling  tanks  holding  about  400  cubic  feet  each.  Settlings  sluiced 
out  periodically  to  waste;  overflow  to  (28). 

28.  A  Knowles  compound  condensing  pump  lifting  40  feet  to  tank  at  top  of 
mill. 

The  labor  required  is  13  men  per  24  hours,  divided  into  2  shifts:  1  foreman, 
2  engineers,  4  breakermen,  2  jig  men,  2  vanner  men  and  2  other  men.  Wa^es 
range  from  $2.25  per  day  for  laborers  up  to  $5  for  the  foreman.  Board  costs 
$30  per  month,  and  coal  $5.50  per  ton. 

Power  is  furnished  by  two  boilers  16  feet  long,  60  inches  in  diameter,  with 
54  tubes  3^  inches  in  diameter,  running  under  a  pressure  of  65  pounds  per  square 
inch,  and  burning  4,900  pounds  of  coal  per  day;  and  an  engine  with  cylinder 
14  X  22  inches,  making  74  revolutions  per  minute,  with  a  3|-inch  Nordbcrg 
governor,  and  developing  16  to  27  indicated  horse  power. 

The  mill  receives  65  gallons  of  water  per  minute  from  the  mine,  and  90  to  100 
gallons  are  repumped  from  (28). 

One  hundred  tons  of  pyrite  ore  3rield  about  33  tons  of  concentrates  containing 
about  90%  of  the  gold  and  silver,  and  80  to  85%  of  the  iron.  One  hundred 
tons  of  galena  ore  yield  about  50  tons  of  concentrates  containing  about  85%  of 
the  lead,  68%  of  the  silver  and  76%  of  the  gold. 
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Analyses  of  both  classes  of  ore  and  the  products 

were  as 

follows: 

Class  I.,  or  Pjrrlte  Ore. 

Class  II.,  or  Galena  Ore. 

Ore 

0 
9.75 
0.10 
0 
» 
8) 

Concentrates. 

Tailings. 

Ore. 

Concentrates. 

TaUings. 

IVrf  ent  lejul 

0 

6.0 

0.18 

0 

42.5 

8.6  to  6 

0 

0.6 
O.QC 

0 

(a) 

75  to  90 

14 

7.18 

0.08 

17 

25 

10.0 
0.18 
7.5 

26 
5 

0.5  to  2 

Outlets  silver  per  too 

1.0 

Oitnct**  ffold  per  ton 

Percent  zinc 

Plrroent  iixm 

0.08 

F^rcrar  ffili«» 

(a)  Not  determined. 

Note  the  careful  graded  crushing  which  the  ore  receives  in  this  mill  by  means 
of  the  breaker  and  two  pairs  of  rolls  together  with  the  grizzly  and  No.  1  and 
No.  2  trommels. 

§  676.  Mill  No.  21.  Silver  Age  Mill,  Idaho  Springs,  Colorado. — Ca- 
pacity 40  to  50  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  six  days  per 
week.  It  is  a  custom  mill  treating  ore  from  the  following  mines:  Silver  Age, 
Gem,  Gem  Extension,  Crown  Point,  Lake,  Bullion,  Freeland,  German,  Minot 
and  Brighton.  These  ores  all  contain  some  of  the  following  economic  minerals 
in  both  coarse  and  fine  crystallization,  and  carrying  gold  and  silver:  pyrite, 
galena,  tetrahedrite,  chalcopyrite  and  blende.  The  gangue  is  quartz  and  feld- 
spar. The  problem  is  to  save  the  gold  and  silver,  and  in  some  cases  the  copper, 
the  lead  or  the  iron,  this  last  being  sold  as  a  flux.  The  ore  is  brought  in  carts 
holding  5  tons  each,  or  in  railroad  cars  and  shoveled  to  (1). 

1.  Receiving  floor.     By  barrows  to  (2). 

2.  One  No.  1  Blake  breaker,  7  X  10  inches,  crushing  to  1  inch.    To  (3). 

3.  One  pair  of  No.  1  rolls,  27  X  14  inches,  set  \  inch  apart.    To  (4), 

4.  From  (3)  and  (6).    No.  1  bucket  elevator.    To  (5). 

5.  One  No.  1  tronunel  with  0.18-inch  square  holes.  Oversize  to  (6) ;  xmder- 
size  to  (7). 

6.  One  pair  of  No.  2  rolls,  24  X  14  inches,  set  close  together.    To  (4). 

7.  From  (5).  One  No.  2  trommel  with  0.14-inch  square  holes.  Oversize  to 
(10) ;  undersize  to  (8). 

8.  One  No.  3  trommel  with  0.048-inch  square  holes.  Oversize  to  (11)  ;  under- 
size  to  (9). 

9.  One  No.  1  hydraulic  classifier  with  3  spigots.  1st  spigot  to  (12) ;  2d  to 
(13)  ;  3d  to  (20)  ;  overflow  to  (21). 

10.  From  (7).     One  No.  1  jig.    A  3-sieve  Harz  jig. 
(22)  ;  3d  id  (14)  or  (22) ;  tailings  to  (14). 

11.  From  (8).    One  No.  2  jig.    A  4-sieve  Harz  jig. 
to  (22) ;  4th  to  (14)  or  (22) ;  tailings  to  (14). 

12.  From  (9).    One  No.  3  jig.    A  4-sieve  Harz  jig.    Products  like 
From  (9).    One  No.  4  jig.    A  4-sieve  Harz  jig.    Products  like 


1st  and  2d  hutches  to 
1st,  2d  and  3d  hutches 


(11). 
(11). 


From  (10),  (11),  (12),  (13).    One  No.  1  unwatering  box.    Spigot  to 
;  overflow  to   (21). 

From   (14)  and  (20).    No.  2  bucket  elevator.    To  (16). 
Two  3i-foot  Huntington  mills  using  screens  witih  f  X  ^-inch  slots.    To 


13 

14 
(15) 

15. 

16. 
(17) 

17.  One  No.  2  hydraulic  classifier  with  1  spigot.     One-half  of  spigot  to  (18) ; 
other  half  to  (19) ;  overflow  to  (20). 

18.  One  No.  5  jig.     A  4-sieve  Harz  jig.     Hutches  to  (22) ;  tailings  to  (21). 

19.  From   (17).    One  No.  6  jig.    A  2-8ieve  Harz  jig.     Hutches  to   (22); 
tailings  to  (21). 

20.  Prom  (9)  and  (17).     One  convex  stationary  slime  table.    Heads  to  (22) ; 
middlings  to  (15)  ;  tailings  to  (21). 
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21.  From  (9),  (14),  (18),  (19)  and  (20).     Tailings  launder  to  waste. 

22.  From  (10),  (11),  (12),  (13),  (18),  (19)  and  (20).  Bins  for  concen- 
trates. The  various  products  are  brought  to  these  by  barrows,  and  are  loaded  by 
shovel  upon  cars. 

The  labor  required  is  7  men  per  24  hours.  Wages  vary  from  $2.25  per  day 
for  laborers  to  $3  for  mill  hands.  Board  costs  $5  per  week,  lignite  coal  $3.25 
per  ton  and  wood  $4.60  per  cord. 

Power  is  furnished  from  a  Leffel  turbine  wheel,  30^  inches  in  diameter,  rated 
at  44i  horse  power,  running  at  150  revolutions  per  minute,  under  a  head  of  18 
feet  and  using  1,545  cubic  feet  of  water  per  minute,  which  is  brought  1,500  feet 
by  a  flume  4X6  feet  in  section. 

One  hundred  tons  of  ore  yield  12  to  20  tons  of  concentrates  from  jigs  Nos.  1  to 
4,  5  to  8  tons  from  jigs  Nos.  5  and  6,  and  3  to  5  tons  from  the  slime  table;  also 
4  to  3  tons  of  tailings  from  overflow  of  hydraulic  classifier,  48  to  40  tons  from 
jigs  Nos.  5  and  6  and  28  to  23  tons  from  the  slime  table. 

The  ores  vary  very  muc^  in  value  so  that  the  concentrates  may  ran  from 
practically  nothing  up  to  5  or  6  ounces  gold  per  ton  and  30  ounces  silver.  The 
following  assays  show  the  results  of  work  on  one  particular  lot  of  ore. 


Ounces 

8fWer 

per  Ton. 

Ounces 

Gold 

per  Ton. 

• 

Ounces 

BilTer 

per  Ton. 

OttDoes 

Qold 

per  Ton. 

Jig  No.  1. 
iBt  hutch... 

4.40 
8.70 
8.80 
1.80 

8.90 
4.80 
4.00 
4.90 
1.70 

4.90 
4.00 
6.10 
4.90 
1.90 

0.80 
0.86 
0.40 
0.18 

0.86 
0.88 
1.16 
1.00 
0.96 

1.80 
l.OB 
0.97 
0.77 
0.16 

Jig  No.  4. 

(No  record.) 
Jifi:  No.  6. 

Ist  hutch 

8.10 
8.80 
8.40 
4.00 
0.60 

9.90 
4.00 
0.90 

4.10 
1.00 

9d      •♦     

8d      *     

0  7S 

IWlillgB 

JiffNoT 
Jet  hutch 

Sd      "      

0  75 

8d      "      

0  60 

4th     **      

0  66 

Sd      "     

ToiUngs 

0  08 

8d      "     

Jig  No.  I. 
1st  hutch 

4th     '*     

0  60 

TaiUnin 

9d      "     

0.50 

Jiff  No.  8. 
Tst  hutch 

TbiUun 

0.G6 

8Umeti33e. 
Heads 

9d      »»     

0.66 

8d      "     

TfMlfPOT , 

0.04 

4th     **     

TaiUnsB 

(e)     COMPLEX    JIGGING    MILLS    CONOBNTRATING    GALENA,    WITH    OR    WITHOUT 
PYRITE,  FROM  LIMESTONE  AND  QUARTZ  IN  SOUTHWESTERN  MISSOURI. 

§  677.  This  group  includes  Mills  22,  23,  24  and  25.  They  all  crush  by  breaker 
and  rolls.  Mills  22,  23  and  24  concentrate  by  trommels  and  classifiers  Followed 
by  jigs  and  tables.  Mill  25  concentrates  by  roughing  jigs  and  classifiers  fol- 
lowed by  trunking  machine,  finishing  jigs  and  tables. 

Mill  22  sets  aside  the  coarsest  poorest  middling  product  as  tailings  to  be 
treated  at  some  future  time,  because  the  re^treatment  nets  less  profit  than  working 
fresh  ore;  the  richer  middlings  are  recrushed  by  auxiliary  rolls  and  sent  back 
into  the  system.  This  mill  settles  its  slimes  by  a  box  classifier  (Rittinger 
spitzgerinne)  and  concentrates  them  by  slime  tables.  Mill  24  recrushes  and 
washes  all  middlings  by  sending  them  back  into  the  system.  The  slimes  pass 
through  a  series  of  box  classifiers  to  the  slime  tables.  The  last  overflow  goes  to 
settling  tanks  at  the  end  of  the  series.  Mill  25  recrushes  its  middlings  by 
auxiliary  rolls,  and  washes  them  by  auxiliary  classifiers,  jigs,  and  bumping  tables. 
The  slimes  are  settled  on  their  way  to  the  Parsons  tables.  All  slime  bearing  over- 
flows of  water,  preparatory  to  using  the  water  over  again,  go  through  clarifying 
reservoirs,  which  yield  a  sediment  carrying  6%  lead.  This  is  reported  as  too 
fine  to  concentrate,  and  too  poor  to  smelt,  and  it  is  therefore  sluiced  away.     This 
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mill  lies  between  the  sinlple  jigging  plants  as  Mill  10,  and  compleic  jigging  plants 
as  Mill  22.  It  begins  concentrating  upon  unsized  and  unclassified  material,  but 
all  its  later  treatmenf  is  aided  by  classifiers.  In  regard  to  this  system  the  tail- 
ings of  the  No.  1  or  roughing  jigs  contain  grains  of  included  galena  and  grains  of 
fine  floating  galena.  In  other  mills  both  of  these  classes  of  grains  have  more 
chances  to  be  saved  than  they  do  here. 

The  use  of  an  intermediary  jig  between  the  last  trommel  and  the  first  classi- 
fier occurs  in  two  mills  of  this  group.  Mill  23,  jig  No.  4,  and  Mill  24,  jig  No.  T. 

§  678.  Mill  No.  22.  Central  Lead  Company,  Flat  River,  St,  Francois 
County,  Missouri. — Figs.  512a-612d  give  a  general  idea  of  the  mill,  although 
the  machines  are  arranged  somewhat  differently  than  in  the  later  scheme  given 
below.  Capacity  175  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  6  days 
per  week.  The  ore  consists  of  the  economic  minerals  galena  in  coarse  and  fine 
crystallization,  and  a  little  finely  disseminated  p}Tite  and  a  gangue  of  limestone. 
The  problem  is  to  save  the  lead.  The  ore  is  hoisted  in  a  car  holding  1,500  pounds 
and  dumped  upon  (1). 

1.  One  No.  1  grizzly  with  1-inch  spaces.     Oversize  to  (2) ;  undersize  to  (3). 

2.  Two  No.  1  Dodge  breakers,  8  X  16  inches,  crushing  to  1  inch.    To  (3). 

3.  From  (1)  and  (2).  Cars  with  hopper  bottoms  holding  20,000  pounds  each. 
Pulled  by  horses  1,500  feet,  and  used  as  receiving  bins.    To  (4). 

4.  No.  1  automatic  feeder.  A  roller  feeder  with  roll  18  inches  long,  18  inches 
diameter  on  a  2-inch  shaft,  driven  by  a  sprocket  wheel  30  inches  in  diameter  at 
the  rate  of  1  revolution  in  41  seconds ;  hopper  is  28  X  34  inches,  and  30  inches 
deep.     To  (5). 

5.  From  (4)  and  (6).  One  pair  of  No.  1  rolls,  30  X  16  inches,  set  0.4  inch 
apart.     To  (6). 

6.  From  (5)  and  (22).  One  No.  1  trommel  with  12-mm.  round  holes.  Over- 
size to  (11)  or  sometimes  to  (5) ;  undersize  to  (7). 

7.  One  No.  2  trommel  with  6-mm.  round  holes.  Oversize  by  distributor  to 
(12) ;  undersize  to  (8). 

8.  One  No.  3  trommel  with  3-mm.  round  holes.  Oversize  by  distributor  to 
(13)  ;  undersize  to  (9). 

9.  One  No.  1  hydraulic  classifier  with  2  spigots  1st  spigot  to  (14) ;  2d  to 
(15);  overflow  to  (10). 

10.  One  No.  1  surface  current  box  classifier  with  2  spigots.  1st  spigot  to  (16)  ; 
2d  to  (17) ;  overflow  as  hydraulic  water  to  (12). 

11.  From  (6).  One  No.  1  jig.  A  3-sieve  Harz  jig.  1st  discharge  to  (25*)  ; 
2d  and  3d  to  (23) ;  1st,  2d  and  3d  hutch  to  (12)  ;  tailings  to  (27). 

12.  From  (7)  and  (11).  Four  No.  2  jigs.  2-sieve  accelerated  jigs.  1st  dis- 
charge to  (25) ;  2d  to  (23) ;  Ist  and  2d  hutch  to  (25) ;  tailings  to  (27). 

13.  From  (8).    Three  No.  3  jigs.    2-sieve  Harz  jigs.    Products  like  (12). 

14.  From  (9).  Four  No.  4  jigs.  3-sieve  Harz  jigs.  1st  discharge  and  Ist, 
2d  and  3d  hutch  to  (25) ;  tailings  to  (27). 

15.  From  (9).  Four  No.  5  jigs.  3-sieve  Harz  jigs.  1st,  2d  and  3d  hutch 
to  (25);  tailings  to  (27). 

16.  From  (10).  One  No.  1  convex  revolving  slime,  table.  This  and  No.  2 
table  are  on  the  same  shaft  forming  upper  and  lower  decks  respectively.  Heads 
to  (18)  ;  middlings  to  (21) ;  tailings  to  (27). 

17.  From  (10).     One  No.  2  convex  revolving  slime  table.     Products  like  (16). 

18.  From  (16)  and  (17).  One  No.  1  settling  tank.  Settlings  by  barrow  to 
{n)\  overflow  to  (19). 

19.  One  No.  2  settling  tank.     Settlinsrs  bv  barrow  to  (28)  ;  overflow  to  (20). 

20.  From  (19)  and  (26).  One  No.'  3  settling  tank.  Settlings  bv  barrow  to 
(?4);  overflow  to  (27). 
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FIG.  512a. — SECTION  OF  HOISTING  AND  CRUSHING  PLANT  AT  MILL  22. 


FIG.  5126. — PLAN  OF  HOISTING  AND  CRUSHING  PLANT. 
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21.  Prom  (16)  and  (17).    Unfinished  products  launder.    To  (22). 

22.  From  (21),  (24)  and  (26).     A  centrifugal  pump.    To  (6). 

23.  From  (11),  (12)  and  (13).     Middlings  launder.     To  (24). 

24.  From  (20)  and  (23).  One  pair  of  No.  2  rolls,  30  X  16  inches,  set  dose 
together.    To  (22). 

26.  From  (11),  (12),  (13),  (14)  and  (15).    Concentrates  launder.    To  (26). 

26.  One  trunking  table.  Heads  to  (28) ;  coarse  tailings  to  (5J2) ;  fine  tailings 
to  (20). 

27.  From  (11),  (12),  (13),  (14),  (15),  (16),  (17)  and  (20).  Three  tail- 
ings  launders,  two  for  jig  tailings  which  are  dumjied  bv  themselves  for  their 
prospective  value,  and  one  for  fine  tailings.     To  waste  dump. 

28.  From  (18),  (19)  and  (26).     Shipping  car.     To  smelter 

The  labor  required  is  16  men  per  24  hours  divided  into  2  shifts:  2  engineers, 
2  firemen,  2  shift  bosses,  2  roll  feeders,  4  jig  men,  2  table  men  and  2  mineral 
weighers.  Wages  range  from  $1.25  to  $2  per  shift.  Board  costs  $0.50  per 
day ;  coal  costs  $2.25  per  ton ;  wood  costs  $1.50  per  cord. 

The  power  is  derived  from  a  boiler  60  inches  in  diameter,  18  feet  long,  with, 
tubes  4  inches  in  diameter,  running  under  a  pressure  of  100  pounds  per  square 
inch,  and  consuming  5  tons  of  coal  per  24  hours ;  and  a  simple  Buckeye  engine 
with  cylinder  11  X  22  inches,  making  145  revolutions  per  minute,  cutting  off 
at  \  stroke  and  developing  45  indicated  horse  power. 

The  mill  receives  75  gallons  of  water  per  minute  from  the  mine,  and  725 
gallons  per  minute  from  the  river.  A  Worthington  duplex  pump  with  steam 
cylinder  14  X  10  inches,  and  water  cylinder  lOJ  X  10  inches  lifts  the  water  70 
feet  from  the  river.  Some  water  is  repumped  in  the  mill  by  the  centrifugal 
pump  (22). 

The  mine  ore  contains  from  5  to  10%  lead,  and  the  concentrates  contain  65% 
lead. 

§  679.  Mill  No.  23.  Flat  River  Lead  Company,  Flat  River,  Missouri. — 
Capacity  100  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  six  days  per 
week.  The  ore  consists  of  the  economic  minerals  galena  in  coarse  and  fine 
crystallization  and  a  little  finely  disseminated  pyrite,  and  a  gangue  of  dolomite. 
The  problem  is  to  save  the  lead.  The  ore  is  hoisted  from  the  mine  by  skip  and 
dumped  upon  (1). 

1.  Receiving  floor.     Shoveled  to  (2). 

2.  One  No.  1  Blake  breaker,  9  X  15  inches,  crushing  to  1^  inches.     To  (3). 

3.  One  pair  of  No.  1  rolls,  27  X  14  inches.     To  (4). 

4.  From   (3)  and   (6).     One  No.  1  bucket  elevator.    To  (5). 

5.  One  No.  1  trommel  with  7-mm.  round  holes.  Oversize  to  (6) ;  undersize 
of  1st  half  to  (7)  ;  undersize  of  last  half  to  (12). 

6.  From  (5),  (12),  (13),  (14),  (15)  and  (16).  One  pair  of  No  2  roUs, 
27  X  14  inches,  set  close  together.     To  (4). 

7.  From  (5).  One  No.  2  trommel  with  5-mm.  round  holes.  Oversize  to 
(13)  ;  undersize  to  (8). 

8.  One  No.  3  trommel  with  3-mm.  round  holes.  Oversize  to  (14) ;  undersize 
to  (9). 

9.  One  No.  4  or  intermediary  jig.  1-sieve  Harz  jig.  Discharge  and  hutch  to 
(19);  tailings  to  (10). 

10.  One  No.  1  hvdraulic  classifier  with  3  spigots.  1st  and  2d  spigots  to  (16)  ; 
3d  to  (16)  ;  overflow  to  (11). 

11.  From  (10),  (17)  and  (18).  One  No.  1  surface  current  box  classifier  with 
5  spigots.  1st  and  2(1  8pis:ot8  to  (17) ;  3d,  4th,  and  5th  to  (18) ;  overflow  to 
(20). 
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12.  Prom  (6).  One  No.  1  jig.  2-8ieve  Harz  jig.  1st  discharge  to  (19); 
2d  to  (6) ;  Ist  hutch  to  (19) ;  2d  to  (6) ;  tailings  to  (20). 

13.  From  (7).    Two  No.  2  jigs.     2-sieve  Harz  jigs.     Products  like  (12). 

14.  From  (8).    Two  No.  3  jigs.     2-sieve  Harz  jigs.     Products  like  (12). 

15.  From  (10).  Two  No.  5  jigs.  3-sieve  Harz  jigs.  Ist  and  2d  hutches  to 
(19) ;  3d  to  (6) ;  tailings  to  (20). 

16.  From  hO).     One  No.  6  jig.    3-8ieve  Harz  jig.    Products  like  (16). 

17.  From  (11).  One  No.  1  convex  revolving  slime  table.  Heads  to  (19); 
middlings  by  centrifugal  pump  to   (11);  tailings  to   (20). 

18.  Prom  (11).    One  No.  2  convex  revolving  slime  table.     Products  like  (17)- 

19.  Prom  (9),  (12),  (13),  (14),  (15),  (16),  (17)  and  (18).  Bins  for  con- 
centrates.   To  smelter. 

20.  From  (11),  (12),  (13),  (14),  (16),  fl6),  (17)  and  (18).  TaiUngs 
launder  to  waste. 

Wages  vary  from  $1  per  day  for  laborers  up  to  $1.50  or  $2  for  mechanics. 
Board  costs  $0.50  per  day,  coal  $2  per  ton  and  wood  $0.85  per  cord! 

The  ore  contains  up  to  50%  lead  and  the  concentrates  contain  74%  lead. 

§  680.  Mill  No.  24.  Mine  la  Motte,  Mine  la  Mottb,  Missouhi. — Ca- 
pacity 100  tons  in  22  hours.  The  mill  runs  22  hours  per  day,  six  days  per 
week.  The  ore  consists  of  the  economic  minerals  galena  in  coarse  and  fine  crys- 
tallization and  a  little  finely  disseminated  pyritc,  and  a  gangue  of  limestone  con- 
taining about  20%  silica  in  oolitic  grains.  The  problem  is  to  save  the  lead. 
The  ore  is  hand  picked  in  the  mine,  and  one-quarter  to  one-half  of  it  rejected 
as  waste.  The  remainder  is  hauled  from  |  to  2^  miles  in  side  dumping  cars 
holding  about  3  tons  each  to  (1). 

1.  Platform  elevator  lifting  29  feet.  The  car  is  dumped  over  a  flap  6^  feet 
long,  29  inches  wide,  hinged  33  inches  above  the  floor  which  drops  against  tKe 
platform  of  the  elevator,  and,  sloping  30**,  serves  to  guide  the- ore  to  (2). 

2.  Receiving  floor.     Shoveled  to  (3). 

3.  One  No.  1  Blake  breaker,  9  X  15  inches,  crushing  to  1^  inches.    To  (4). 

4.  One  No.  la  trommel  with  10-mm.  round  hples.  Oversize  to  (6) ;  under- 
size  to  (9). 

5.  One  pair  of  No.  1  rolls,  28J  X  12  inches,  set  i  to  i  inch  apart.    To  (9). 

6.  From  (9).  One  No.  16  trommel  with  10-mm.  round  holes.  Oversize  to 
(7) ;  undersize  to  (18). 

7.  From  (6),  (18),  (19),  (20),  (21),  (31).  One  No.  1  bucket  elevator. 
To  (8). 

8.  One  pair  of  No.  2  rolls,  30  X  12  inches,  set  J  to  ^  inch  apart    To  (9). 

9.  From  (4),  (5)  and  (8).  One  No.  2  trommel  with  7-mm.  round  holes. 
Oversize  to  (6) ;  undersize  to  (10). 

10.  One  No.  3  trommel.  Sectional  with  3-mm.  and  5-mm.  round  holes.  Over 
5  mm.  to  (19) ;  through  5  on  3  mm.  to  (20)  ;  through  3  mm.  to  (11). 

11.  One  No.  1  hydraulic  classifier  with  2  spigots.  Ist  spigot  to  (21);  2d 
i-pigot  and  overflow  to  (12). 

12-  One  No.  5  or  intermediary  jig.  1-sieve  Harz  jig.  Hutch  to  (31) ;  tail- 
ings to  (13). 

13.  From  (12)  and  (28).  One  No.  1  whole  current  box  classifier  with  2 
ppigots.     Spigots  to  (22)  ;  overflow  to  (14). 

14.  From  (13)  and  (29).  One  No.  2  whole  current  box  classifier  with  4 
spigots.  Ist  spigot  to  (23) ;  2d  to  (24) ;  3d  not  used;  4th  to  (25)  ;  overflow 
to  (15). 

15.  One  No.  3  whole  current  box  olapsifier  with  1  spigot  and  2  overflows. 
Spigot  to  (25)  ;  1st  overflow  not  W^rd;  2d  to  (16). 
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16.  One  No.  4  whole  current  box  classifier  with  2  spigots.  Spigots  to  (26) ; 
overflow  to  (17)  or  (32). 

17.  From  (16)  and  (30).  No.  1  settling  tank.  Settlings  on  every  alternate 
day  by  No.  1  centrifugal  pump  with  2i-inch  discharge  pipe  to  (27)  ;  overflow 
by  No.  2  centrifugal  pump  with  3-inch  discharge  pipe  back  to  water  supply 
tank. 

18.  From  (6).  One  No.  1  jig.  2-sieve  crank  arm  accelerated  jig.  Ist  dis- 
charge to  (31) ;  2d  discharge  and  Ist  and  2d  hutches  to  (7) ;  tailings  to  (30). 

19.  From  (10).  Three  No.  2  jigs.  2-8ieve  crank  arm  accelerated  jigs.  Prod- 
ucts like  (18). 

20.  From  (10).  One  No.  3  jig.  2-sieve  crank  arm  accelerated  jig.  Product.- 
like   (18). 

21.  From  (11).  Four  No.  4  jigs.  2-sieve  Parsons  jigs.  1st  discharge  to 
(31) ;  2d  to  (7) ;  1st  hutch  to  (31) ;  2d  to  (7) ;  tailings  to  (30). 

22.  From  (13).  Four  No.  6  jigs.  3-sieve  Harz  jigs.  1st  hutch  to  (31); 
2d  to  (31)  er  (28) ;  3d  to  (28) ;  tailings  to  (32). 

23.  From  (14).  One  No.  1  convex  revolving  slime  table.  Heads  by  barrow 
to  shipping  floor;  middlings  to  (29) ;  tailings  to  (32). 

24.  From  (14).     One  No.  2  convex  revolving  slime  table.     Products  like  (:?3). 

25.  From  (14)  and  (15).  One  No.  3  convex  revolving  slime  table.  Product- 
like  (23). 

26.  From  (16).     One  No.  4  convex  revolving  slime  table.     Products  like  (23) 

27.  From  (17).  One  4-foot  Frue  vanner.  Heads  by  barrow  to  shipping  floor: 
tailings  to  (32). 

28.  From  (22)  and  sweepings  of  floor.  One  No.  3  centrifugal  pump  with 
l^-inch  discharge  pipe.     To  (13). 

29.  From  (23),  (24),  (25)  and  (26).  One  No.  4  centrifugal  pump  with 
2-inch  discharge  pipe.     To  (14). 

30.  From  (18),  (19),  (20),  (21).  ''Chats''  cars.  "Chats"  or  tailings  hauled 
to  dump;  overflow  to  (17). 

31.  From  (12),  (18),  (19),  (20),  (21),  (22).  Mineral  floor,  10  feet  squair. 
Concentrates  by  barrow  to  shipping  floor  and  thence  by  wagon  to  smelter:  drain- 
ings  to  (7). 

32.  From  (16),  (22),  (23),  (24),  (25),  (26),  (27).  Tailings  launder  to 
creek,  and  thence  to  settling  pond  from  which  water  is  pumped  back  to  the  mill 
supply  tank  by  a  No.  10  Knowles  pump. 

The  labor  required  is  23  men  per  24  hours,  divided  into  2  shifts:  2  engineer!?. 
2  flremen,  2  men  on  platform  elevator,  4  breaker  men,  2  jig  tenders  acting  also 
as  foremen,  4  table  men,  4  tank  men  and  weighers,  1  boy  for  cleaning,  2  men 
driving  4  mules  for  hauling  "chats".  Wages  range  from  $0.70  per  shift  for  boy? 
up  to  $1.80  for  foremen.  Board  costs  $0.40  per  day;  coal  costs  $3  per  ton: 
wood  costs  $1.75  per  cord. 

The  power  is  derived  from  2  boilers,  48  inches  diameter,  20  feet  long,  each 
with  10  tubes  6  inches  diameter,  running  under  a  pressure  of  80  pounds  por 
square  inch,  and  burning  about  6 J  tons  of  coal  per  24  hours.  These  boilers  run 
4  engines  in  the  mill,  and  also  a  6  X  8-inch  engine  in  the  machine  shop.  A 
engine  with  cylinder  12  X  20  inches,  making  155  revolutions  per  minute,  runs 
the  breaker,  rolls,  the  platform  elevator  and  the  bucket  elevator.  A  second 
engine  with  cylinder  10  X  12  inches  runs  all  the  trommels,  all  the  jigs,  the  Fni»> 
vanner.  No.  4  slime  table  and  Nos.  1  and  3  centrifugal  pumps.  A  third  engine 
with  cylinder  10  X  12  inches  runs  Nos.  1,  2  and  3  slime  tables,  and  No,  4  centr'f- 
ugal  pump.  A  fourth  engine  with  cylinder  7X9  inches  runs  No.  2  centrifugal 
pump. 

The  water  is  brought  from  a  storage  reservoir  by  an  8-inch  cast  iron  pipe  7.10m 
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feet  long,  with  70  feet  head,  and  Ib  deliyered  into  a  mill  supply  tank 
11  X  7i  X  ^  feet,  under  the  breaker. 

The  ore  as  received  at  the  mill  contains  9  to  15%  lead  and  a  trace  of  nickel ; 
the  concentrates  of  the  jigs  contain  about  74%  lead,  and  those  of  the  slime  tables 
and  vanner  carry  56  to  60%  lead;  the  pyritic  concentrates  contain  20  to  30% 
lead  and  a  variable  quantity  of  nickel;  the  tailings  contain  1^  to  \\%  lead  and  a 
variable  quantity  of  nickel.  Of  the  ore  mined,  ^  to  ^  is  picked  out  as  waste 
in  the  mine,  while  the  remainder  comes  to  the  mill  where  100  tons  of  ore  yield 
about  lOi  tons  of  jig  concentrates,  1^  tons  of  table  and  vanner  concentrates,  and 
88  tons  of  tailings.    The  mill  saves  87  to  90%  of  the  total  lead  in  the  ore. 

This  mill  shows  a  rather  unusual  arrangement  of  rolls  and  trommels.  The 
scheme  seems  to  be  to  crush  the  middlings  as  far  as  possible  separately  from  the 
original  ore,  but  still  not  to  have  entirely  separate  apparatus  for  each. 

§  681.  Mill  No.  25.  St.  Joseph  Lead  Company,  Bonne  Terre,  Missouri. 
— Figs.  513a  and  5136  illustrate  this  mill  except  in  a  few  points  where  changes 
have  been  made.  Capacity  900  tons  in  24  hours.  The  mill  runs  24  hours  per 
day,  6  days  per  week.  The  ore  consists  of  the  economic  minerals  galena  in 
coarse  and  fine  crystallization  and  a  little  finely  disseminated  pyrite  and  a  gangue 
of  dolomite.  The  problem  is  to  save  the  lead.  The  ore  is  hand  picked  in  the 
mine  into  waste  which  is  hoisted  and  hauled  to  the  Mississippi  river  to  be  used 
for  filling ;  and  concentrating  ore,  which  is  hoisted  separately,  dumped  into  cars 
with  hopper  bottoms  holding  25  tons  and  hauled  by  locomotive  ^  to  5  miles 
to  (1). 

1.  Bins  with  flat  bottoms.     Shoveled  to  (2). 

2.  Spall ing  floor.     To  (3). 

3.  Ten  No.  1  Blake  breakers,  9  X  15  inches,  crushing  to  1|  inches.    To  (4). 

4.  From  (3)  and  (5).  Ten  pairs  of  No.  1  rolls,  30  X  14  inches,  set  cloee 
together.     To  (5). 

5.  Ten  No.  1  trommels  with  6-mm.  round  holes.  Oversize  by  ten  No.  1  bucket 
elevators  to  (4)  ;  undersize  by  ten  No.  1  centrifugal  pumps  with  4-ineh  dis- 
charge pipes  and  ten  No.  1  Parsons  distributors  to  (6). 

6.  Ninety  No.  1  jigs.  2-sieve  Parsons  jigs.  Skimmings  to  (13) ;  hutches 
partly  to   (7)   and  partly  to   (8);  tailings* to  (23). 

7.  Two  No.  1  surface  current  box  classiflers  with  one  spigot  each.  Spigot  to 
(15)  ;  overflow  to  (8). 

8.  From  (6)  and  (7).  Four  No.  2  surface  current  box  classiflers  with  one 
spigot  each.     Spigot  to  (16)  ;  overflow  to  (9). 

9.  Two  No.  3  surface  current  box  classifiers  with  one  spigot  each.  Spigot  by 
No.  2  centrifugal  pumps  to  (17);  overflow  to  (10). 

10.  Two  No.  4  surface  current  box  classifiers  with  one  spigot  each.  Spigot 
by  No.  3  centrifugal  pumps  to  (17)  ;  overflow  to  (11). 

11.  Two  No.  5  surface  current  box  classiflers  with  one  spigot  each.  Spigot 
by  three  No.  2  Parsons  distributors  to  (19) ;  overflow  to  (12). 

12.  Two  No.  1  un watering  boxes  with  two  spigots  each  and  a  6-inch  pipe  near 
the  top.  Spigots  by  No.  4  centrifugal  pumps  to  (20) ;  6-inch  pipe  delivers  water 
to  undersize  of  (5) ;  overflow  to  (24). 

13.  From  (6).  Two  pairs  of  No.  2  rolls,  30  X  14  inches,  set  close  together, 
run  alternately.  By  No.  6  centrifugal  pumps  and  two  No.  3  Parsons  dis- 
tributors to  (14). 

14.  Twelve  No.  2  jigs.     3-sieve  Harz  jigs.     Hutches  to  (22)  ;  tailings  to  (23). 

15.  From  (7).  One  No.  1  trunking  machine.  Heads  to  shipping  car  for 
smelter;  tailings  by  No.  6  centrifugal  pump  to  (17). 

16.  From  (8).     Two  No.  2  trunking  machines.     Products  like  (15). 

17.  From  (9),  (10),  (15)  and  (16).  Two  No.  4  Parsons  distributors.  To 
(18). 
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18.  Twelve  No.  3  jigs.     3-sieve  Harz  jigs.     Hutehes  to  (23) ;  tailings  to  (23). 

19.  From  (11).  Forty-eight  No.  1  Parsons-Rittinger  bumping  tables.  Heads 
to   (22);  middlings  to  (20);  tailings  to  (23). 

20.  From  (12),  (19),  (21)  and  (22).  Four  No.  1  whole  current  box  classi- 
fiers with  one  spigot  each.  Spigot  by  three  No.  7  centrifugal  pumps  and  four 
No.  5  Parsons  distributors  to  (21)  ;  overflow  to  (24). 

21.  Sixty-four  No.  2  Parsons-Rittinger  bumping  tables.  Heads  to  (22)  ; 
middlings  to  (20) ;  tailings  to  (23). 

22.  From  (14),  (18),  (19),  (21).  No.  1  settling  tank  for  concentrates. 
Settlings  shoveled  to  shipping  car  for  smelter;  spigot  to  (20) ;  overflow  to  (24). 

23.  From  (6),  (14),  (18),  (19),  (21).  No.  2  settling  tank  for  tailings. 
Spigots  by  car  to  be  used  on  railroad  for  ballast  and  filling;  overflow  to  (24). 

24.  From  (12),  (20),  (22),  (23).  Clarifying  reservoir.  Settlings  flushed 
out  periodically;  water  pumped  back  to  mill  supply  tank. 

The  labor  required  is  61  men  per  24  hours:  30  feeders  working  8-hour  shifts; 
16  others  working  12-hour  shifts;  9  firemen  working  8-hour  shifts  and  6  engi- 
neers working  8-hour  shifts.  Wages  vary  from  $0.75  per  shift  for  boys  to 
$1.25  for  lali^rers  and  $2.50  for  mechanics.  Board  costs  $0.45  per  day;  coal 
costs  $2  per  ton;  wood  costs  $2.10  per  cord.- 

The  power  is  derived  from  3  water  tube  boilers  with  steam  drum  36  inches  in 
diameter,  20  feet  long  and  with  172  tubes  3^  inches  in  diameter,  running  under  a 
pressure  of  120  pounds  per  square  inch,  and  burning  32  tons  of  coal  in  24  hours ; 
and  two  Harris  Corliss  engines,  one  with  cylinder  23  X  48  inches,  and  makinjy 
60  revolutions  per  minute,  and  the  other  with  cylinder  20  X  40  inches,  and 
making  62  revolutions  per  minute.  The  engines  cut  oflE  at  §  stroke  and  develop 
450  horse  power. 

The  water  in  this  mill  is  used  over  and  over,  being  pumped  from  the  clarifying 
reservoir  by  three  Wilbraiham  rotary  pumps,  size  No.  1,  making  115  revolutions 
per  minute,  and  delivering  2,250,000  gallons  per  24  hours  through  a  12J-inch 
delivery  pipe  made  of  ^-inch  wrought  iron  plate,  to  an  artificial  pond  above  the 
mill.  This  pond  has  a  drainage  area  of  about  a  square  mile  which  is  sufficient 
for  supplying  the  small  amount  of  water  wasted  in  the  mill,  and  the  water  neces- 
sary for  flushing  out  the  clarifying  reservoir. 

The  ore  coming  to  the  mill  assays  about  7%  lead  and  1%  pyrite;  the  concen- 
trates assay  72%  lead;  ^^  tailings  assay  1.4  to  1.5%  lead,  but  most  of  the  value 
is  in  the  slimes  which  when  flushed  from  the  reservoir  assay  6%  lead,  but  cannot 
be  profitably  treated;  the  hutches  of  No.  1  jigs  assay  20  to  25%  lead;  the  Ist 
hutches  of  No.  2  jigs  assay  75%  lead,  and  the  3d  hutches  assay  60% :  the  heads 
of  the  tmnking  table  assay  72  to  75%  lead.  One  hundred  tons  of  ore  yield  about 
Batons  of  concentrates  and  91 1  tons  of  tailings;  of  this  100  tons  22  tons  reach 
tlie  tnmking  machines,  the  heads  of  which  amount  to  about  6  tons. 

(/)    GOICPLEX   JIGGING   MILLS   CONCENTRATING   THE   VABIOUS   SILVER  AND  LEAD 
MINERALS   IN   COLORADO   AND  UTAH. 

§  682.  This  group  includes  Mills  26,  27,  28  and  29.  These  all  crush  by  break- 
ers and  rolls  and  concentrate  by  screens,  classifiers,  jigs,  and  slime  tables  or  van- 
ners,  or  both.  They  are  saving  galena  with  silver  bearing  minerals.  Among 
the  included  grains  in  the  middlings  is  every  conceivable  mixture,  both  as  to 
quality  and  proportions  of  the  component  minerals.  Mill  26  recrushes  mid- 
dlings by  an  auxiliary  Bryan  mill,  and  washes  them  by  auxiliary  vanners.  Mill 
27  recrushes  the  coarse  middlings  by  auxiliary  rolls,  and  the  fine  middlings  by 
auxiliary  gravity  stamps,  the  sand  and  pulp  both  going  back  into  the  system. 
Mill  28  pp-works  its  middlings  bv  auxiliary  rolls,  screens,  and  jigs.    This  mill  is 
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designed  along  the  lines  of  German  practice,  making  it  the  most  elaborate  mill  in 
the  group.     Mill  29  makes  no  middlings  except  on  the  slime  table. 

§  683.  Mill  No.  26.  Bullion  Beck  and  Champion  Mining  Company. 
Eureka,  Utah. — Capacity  200  tons  per  day.  The  mill  rung  24  hours  per  day. 
7  days  per  week.  The  ore  consists  of  the  economic  minerals  galena,  cemisite, 
malachite,  azurite,  some  silver  as  sulphide,  chloride,  arsenite  and  arseniate,  :i 
little  gold,  some  arsenite  and  arseniate  of  copper  and  a  gangue  of  quartz  with 
some  limestone.  The  problem  is  to  save  the  lead,  copper,  silver  and  gold.  The 
ore  is  hand  picked  in  the  mine  into  (a)  shipping  ore  which  is  hoisted  and  goes 
to  smelter,  (h)  concentrating  ore  which  is  hoisted  separately  to  (1),  (c)  waste 
which  is  used  for  stowing  in  the  mine  or  hoisted  separately  and  sent  to  thcf  dump. 

1.  No.  1  bin  holding  200  tons.  By  gate  to  hoisting  skip  holding  2  tons  which 
lifts  ore  200  feet  vertically  or  650  feet  on  the  slope,  and  dumps  it  over  a  chute 
10  X  6  feet  in  size  to  (2). 

2.  One  No.  1  breaker,  a  Comet  D,  crushing  to  2^  inches.    To  (3). 

3.  One  No.  1  trommel  with  31.8-mm.  round  holes.  Oversize  to  (4)  ;  under 
size  to  (5). 

4.  Two  No.  2  breakers.  Dodge  breakers,  11  X  15  inches,  crushing  to  f  inch. 
To  (6). 

5.  Prom  (3)  and  (4).  One  No.  2  bin  holding  300  tons.  By  gates  and  chute^ 
and  two  No.  1  TuUoch  feeders  to  (6). 

6.  One  pair  each  of  No.  1  and  No.  2  rolls,  36  X  16  inches,  set  |  to  ^  inch  apart. 
To  (7). 

7.  Prom  (6)  and  (9).    One  No.  1  bucket  elevator.    To  (8). 

8.  Two  No.  2  trommels  with  5.7-mm.  square  holes.  Oversize  to  (9)  ;  undersizt^ 
to  (10). 

9.  One  pair  of  No.  3  rolls,  36  X  16  inches,  set  close  together.    To  (7). 

10.  Prom  (8).  Two  No.  3  trommels  with  3.6-mm.  square  holes.  Oversiz' 
to  (15) ;  undersize  to  (11). 

11.  Two  No.  4  trommels  with  2.1-inm.  square  holes.  Oversize  to  (16)  ;  under- 
size to  (12). 

12.  Two  No.  5  trommels  with  1.6-mm.  square  holes.  Oversize  to  (17)  : 
undersize  to  (13). 

13.  Two  No.  6  trommels  with  0.9-mm.  square  holes.  Oversize  to  (18)  :  under- 
size to  (14). 

14.  One  No.  1  hydraulic  classifier  with  2  spigots.  Ist  spigot  to  (19)  ;  2d  to 
(20);  overflow  to  (25). 

15.  From  (10).  Four  No.  1  jigs.  3-sieve  Harz  jigs.  Ist  hutch  to  (31)  ; 
2d  and  3d  by  barrow  to  (21) ;  tailings  to  (27). 

16.  From  (11).     Two  No.  2  jigs.     3-sieve  Harz  jigs.     Products  like  (15). 

17.  From  (12).  Two  No.  3  jigs.  3-sieve  Harz  jigs.  Ist  and  2d  hutches 
to  (31)  ;  3d  by  barrow  to  (21)  ;  tailings  to  (27). 

18.  From  (13).  One  No.  4  jig.  3-sieve  Harz  jig.  Ist  and  2d  hutches  to 
(31) ;  3d  by  barrow  to  (21)  ;  tailings  to  (26). 

19.  From  (14).     One  No.  5  jig.     3-sieve  Harz  jig.     Products  like  (18). 

20.  From  (14).  One  No.  6  jig.  2-sieve  Harz  jig.  Ist  hutch  to  (31)  ;  2d 
by  barrow  to  (21);  tailings  to  (26). 

21.  From  (15),  (16),  (17),  (18),  (19),  (20).  One  No.  2  bucket  elevator. 
To  (22)  either  direct  or  by  a  bucket  conveyor. 

22.  Three  No.  3  or  middlings  bins  each  12  feet  long,  14  feet  deep  and  16,  5 
and  16  feet  wide,  respectivelv.  By  gates  and  chutes  and  three  ifo.  2  Tulloch 
feeders  to  (23). 

23.  Three  5-foot  Bryan  mills  using  a  screen  with  0.54-mm.  square  holes. 
To  (24). 
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24.  Ten  Frue  vanners.     Heads  to  (31) ;  tailings  to  (29). 

25.  From  (14).  Five  6-foot  Johnston  vanners.  Heads  to  (31);  tailings  to 
(29). 

26.  From  (18),  (19),  (20).  One  No.  1  unwatering  box.  Spigot  to  left  side 
of  reservoir;  overflow  to  (27). 

27.  From  (15),  (16),  (17)  and  (26).  Two  No.  1  settling  tanks  used  alter- 
nately. Settlings  removed  periodically  by  gate  in  bottom  to  car  and  hauled  to 
dump;  overflow  to  (28). 

28.  From  (27)  and  (30).  One  No.  2  settling  tank.  Settlings  flushed  out 
periodically  through  gate  in  bottom  to  dump;  overflow  by  2  Kiowles  duplex 
pumps  to  Nos.  3  and  4  water  tanks. 

29.  From  (24)  and  (25).  One  No.  2  unwatering  box.  Spigot  to  right  side 
of  reservoir;  overflow  to  (30). 

30.  One  No.  3  settling  tank.  Settlings  flushed  out  every  24  hours  to  dump; 
overflow  bv  centrifugal  pump  with  3-inch  discharge  pipe  to   (28). 

31.  From  (15),  (16),  (17),  (18),  (19),  (20),  (24),  (25).  Drainage  floor 
for  concentrates.  iBy  barrow  to  railroad  cars  and  thence  to  smelter ;  drainings  to 
reservoir. 

The  labor  required  per  24  hours  is  28  men  divided  into  two  shifts :  2  men  on 
hoisting  skip,  2  firemen,  2  engineers,  2  foremen,  2  jig  men,  4  helpers,  3  vanner 
men,  3  laborers,  4  repair  men,  2  roll  men,  2  tank  men.  Wages  vary  from  $2  per 
day  for  laborers  to  $3  or  $4  for  mechanics.  Board  costs  $20  to  $25  per  month ; 
slack  coal  costs  $3  per  ton-;  wood  costs  $5  to  $6  per  cord. 

The  power  is  furnished  by  2  boilers  66  inches  in  diameter,  16  feet  long,  each 
with  56  tubes  4  inches  in  diameter,  nmning  under  a  pressure  of  115  pounds  per 
square  inch,  and  burning  6  tons  of  slack  coal  per  24  hours;  and  a  simple  slide 
valve  engine  with  cylinder  16  X  36  inches,  making  90  revolutions  per  minute, 
and  yielding  164  indicated  horse  power.  A  50-horse  power  hoisting  engine  is 
used  for  the  hoisting  skip. 

The  mill  receives  30  gallons  of  fresh  water  per  minute,  and  80  to  100 
gallons  per  minute  are  re-pumped.  The  fresh  water  costs  $10  per  24  hours,  and 
is  the  same  as  that  of  the  town  of  Eureka.  It  comes  by  gravity  from  a  reservoir 
200  feet  long,  60  feet  wide,  12  feet  deep,  and  located  1^  miles  distant,  and  is 
delivered  to  No.  1  or  pressure  tank  10  X  12  X  6  feet  deep,  which  supplies  the 
trommels  and  hydraulic  classifiers,  and  then  overflows  to  No.  2  water  tank 
14  X  16  X  14  feet  deep.  The  re-pumped  water  comes  mainly  from  (28)  and 
goes  to  No.  3  and  No.  4  water  tanks,  each  10  X  16  X  14  feet  deep.  These  tanks 
have  sediment  deposit  in  them  which  has  to  be  cleaned  out  at  times.  When  this 
happens  one  is  cleaned  out  at  a  time,  the  other  doing  the  whole  work.  All  the 
drainage  from  the  mill  is  gathered  in  a  reservoir  at  the  foot  of  the  hill  about  600 
feet  away,  settled  there,  and  the  clear  water  drawn  off  into  a  tank  36  X  20  X  7 
feet  deep,  and  thence  pumped  back  to  No.  1  water  tank  by  a  Miller  duplex  pump 
with  a  capacity  of  100  to  125  gallpns  per  minute.  The  reservoir  has  a  settling 
surface  of  40,000  square  feet,  and  the  banks  are  kept  above  the  slime  deposits  by 
the  spigot  products  of  (26)  and  (29).  These  are  led  around  the  reservoir  in 
V-shaped  launders  in  which  are  small  triangular  openings  with  area  of  1  square 
inch  and  placed  4  inches  apart.  By  taking  out  plugs  from  these. holes,  the  reser- 
voir man  can  direct  the  sand  to  any  desired  point  along  the  bank  of  the  reservoir. 

An  approximate  analysis  of  the  concentrating  ore  is  as  follows:  silica  (SiOj) 
70%,  iron  oxide  (FCjOj)  3%,  lead  7%,  copper  0  to  0.5%,  sulphur  0.3%,  zinc 
1  to  2%,  arsenic  0.5%,  gold  about  0.02  ounce  per  ton,  silver  9  ounces  per  ton, 
of  which  30%  is  chloride  and  70%  is  sulphide.  The  concentrates  contain  about 
35%  lead,  0.5  to  3.0%  copper,  30  ounces  of  silver  per  ton,  and  0.05  ounce  gold 
per  ton.     The  tailings  contain  0.3  to  1.5%  lead,  a  trace  of  copper,  4.5  to  8.0 
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ounces  silver  per  ton,  and  0.01  to  0.02  ounce  gold  per  ton.  The  vanner  tailing? 
are  richer  than  the  jig  tailings.  Of  the  ore  mined  an  average  of  60%  is  picket! 
out  in  the  mine  as  shipping  ore,  15%  is  picked  out  as  waste,  and  25%  i.s  e<»n- 
centrating  ore  for  the  mill.  In  the  mill  100  tons  of  ore  yield  10  to  15  tons  of 
concentrates,  and  85  to  90  tons  of  tailings.  The  mill  saves  75  to  85%  of  the  lead, 
and  ahout  40%  of  the  silver. 

§  684.  Mill  No.  27.  Revenue  Tunnel  Mines  Company,  Mount  Sneffues, 
Ouray,  Colorado. — See  Fig.  514,  which  shows  the  mill  at  an  earlier  period^  and 
therefore  differs  from  the  outline  in  one  or  two  points.  Capacity  120  tons  per 
24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  ore  consists 
of  the  economic  minerals  argentiferous  galena,  tetrahedrite,  pyrite,  blende,  a  little 
chalcopyrite  and  a  gangue  of  quartz  and  porph}Ty.  Tfce  minerals  are  mostly  in 
coarse  crystallization.  The  problem  is  to  save  the  lead,  copper  and  silver,  and  its 
accompanying  gold  without  the  zinc.  The  ore  comes  to  the  mill  in  pivoted  end 
dump  cars  holding  4,000  pounds,  and  is  dumped  to  (1). 


FTQ.  514. — SECTION  OP. 

1.  Two  No.  1  or  receiving  bins.  Some  tetrahedrite  is  picked  off  the  surface 
and  sent  to  (3).     Ore  is  drawn  from  only  one  bin  at  a  time.     By  gate  to  (2). 

2.  Two  No.  1  rectangular  picking  tables.  One  used  at  a  time.  Tetrahedrite 
to  (3) ;  residue  to  (4). 

3.  From  (1)  and  (2).     Two  No.  2  bins  for  picked  ore.    To  shipping  wagons. 

4.  From  (2).  Two  No.  1  Blake  breakers,  9  X  15  inches,  crushing  to  IJ  inches. 
Only  one  run  at  a  time.     By  two  No.  3  bins  and  two  No.  1  TuUoch  feeders  to  (5). 

5.  Two  No.  1  trommels.  Only  one  runs  at  a  time.  Each  sectional  with  15.9, 
25.4  and  38.1-mm.  round  holes.*  Over  38.1  mm.  to  (6)  ;  through  38.1  on  25.4 
mm.  to  (19)  ;  through  25.4  mm.  on  15.9  mm.  to  (20) ;  through  15.9  mm.  to  (9). 
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6.  From  (5),  (8),  (10)  and  (20).    One  No.  1  bucket  elevator.    To  (7). 

7.  One  pair  of  No.  1  rolls,  3(1  X  14  inches,  sot  i  inch  apart     To  (8). 

8.  One  No.  2  trommel  with  15.9-mm.  round  holeir.     Oversize  to  (6) ;  undersize 
to    (9). 

9.  From  (5)  and  (8).     One  No.  2  bucket  elevator.     To  (10). 

10.  One  No.  3  trommel  with  12.7-mm.  round  holes.     Oversize  to  (21)  ;  under- 
size to  (11). 

11.  One  No.  4  trommel  with  10.3-mm.  round  holes.     Oversize  to  (22)  ;  under- 
size to  (12). 


MILL  27. 


12.  One  No.  5  trommel  with  8.3-mm.  round  holes.     Oversize  to  (23) ;  under- 
size to  (13). 

13.  From   (12)   and  (26).     One  No.  6  trommel  with  4.4-mm.  round  holes. 
Oversize  to  (27) ;  undersize  to  (14). 

14.  One  No.  7  trommel  witti  2.8-mm.  round  holes.     Oversize  to  (28) ;  under- 
size to  (15). 

15.  One  No.  8  trommel  with  2-mm.  round  holes.     Oversize  to  (31) ;  undersize 
to  (16). 

16.  From  (15)  and  (30).     Two  No.  1  hydraulic  classifiers.     Meinecke  classi- 
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fiers  with  4  spigots  each.     Ist  spigot  to  (32) ;  2d  to  (34)  ;  3d  to  (36) ;  4th  not 
used ;  overflow  to  ( 1 7 ) . 

17.  Two  No.  1  whole  current  box  classifiers  with  4  spigots  each.  Spigots  to 
(42);  overflow  to  (18). 

18.  Two  No.  2  whole  current  box  classifiers.  Spigots  to  (40)  ;  overflow  to 
(44). 

19.  Prom  (5).  One  No.  1  jig.  2-8ieve  crank  arm  accelerated  jig.  Dis- 
charges and  hutches  by  cars  to  shipping  wa^ns;  tailings  to  (6). 

20.  From  (5).  Two  No.  2  jigs.  A  2-sieve  Harz  jig  and  a  2-sieve  crank  arm 
accelerated  jig.    Products  like  (19). 

21.  Prom  (10).  One  No.  3  jig.  A  4-8ieve  crank  arm  accelerated  jig.  Dis- 
charges and  hutches  to  (45) ;  tailings  to  (24). 

22.  Prom  (11).  One  No.  4  jig.  A  4-sieve  crank  arm  accelerated  jig. 
•Products  like   (21). 

23.  Prom  (12).  Two  No.  5  jigs.  A  4-sieve  Harz  jig  and  a  4-fiieve  cranl 
arm  accelerated  jig.    Products  like  (21). 

24.  Prom  (21),  (22),  (23).     One  No.  3  bucket  elevator.    To  (25). 

25.  Prom  (24)  and  (26).  One  pair  of  No.  2  rolls,  36  X  14  inches,  set  i  inch 
apart.    By  No.  4  bucket  elevator  to  (26). 

26.  One  No.  9  trommel  with  8.3-mm.  round  holes.  Oversize  to  (25) ;  under- 
size  to  (13). 

27.  Prom  (13).  Two  No.  6  jigs.  4-sieve  Harz  jigs.  Discharges  and 
hutches  to  (45)  ;  tailings  to  (29)  or  (38). 

28.  Prom  (14).  One  No.  7  jig.  4-sieve  crank  arm  accelerated  jig-  Dis- 
charges and  hutches  to  (45) ;  tailings  to  (29). 

29.  Prom  (27)  and  (28).  Pour  unwatering  sieves  with  1-mm.  square  holes. 
Oversize  by  four  No.  2  Hendy  feeders  to  (30) ;  undersize  to  (44). 

30.  Twenty  gravity  stamps  arranged  in  four  batteries,  using  a  screen  with 
1-mm.  holes.     By  No.  5  bucket  elevator  to  (16). 

31.  Prom  (15).  One  No.  8  jig.  5-sieve  Harz  jig.  Discharges  and*  hutches 
to  (45)  ;  tailings  to  (38). 

32.  Prom  (16).  One  No.  1  unwatering  box.    Spigot  to  (33)  ;  overflow  to  (44). 

33.  One  No.  9  jig.     5-sieve  Harz  jig.     Hutches  to  (45) ;  tailings  to  (38). 

34.  Prom  (16).    One  No.  2  unwatering  box.    Spigot  to  (35) ;  overflow  to  (44). 

35.  One  No.  10  jig.     5-sieye  Harz  jig.     Products  like  (33). 

36.  Prom  (16).    One  No.  3  unwatering  box.    Spigot  to  (37) ;  overflow  to  (44). 

37.  One  No.  11  jig.     5-sieve  Harz  jig.     Hutches  to  (45) ;  tailings  to  (42). 

38.  Prom  (27),  (31),  (33),  (35).  One  No.  4  unwatering  box.  Spigot  by 
No.  3  Hendy  feeder  to  (39)  ;  overflow  to  (44). 

39.  One  5-foot  Huntington  mill  using  a  screen  with  1-mm.  square  holes.  To 
(42). 

40.  Prom  (18).  A  3-deck  slime  table.  Upper  deck  is  concave  revolving,  middle 
is  convex  revolving  and  lower  is  convex  stationary.  The  feed  is  divided  into  two 
parts  going  to  the  upper  and  lower  decks.  Heads  of  upper  deck  to  (41)  ;  tailings 
to  middle  deck.  Heads  of  middle  deck  to  (41) ;  middlings  to  lower  deck;  tailings 
to  (44).    Heads  of  lower  deck  to  (41) ;  middlings  to  (42) ;  tailings  to  (44). 

41.  Three  No.  1  settling  tanks  in  series.  Settlings  hoveled  out  to  (47)  ;  over- 
flow to  (44). 

42.  Prom  (17),  (37),  (39),  (40).  Nine  7-belt  Woodbury  vanners.  Two 
treat  stuflE  from  (17)  and  (37),  four  treat  stuff  from  (39)  and  three  treat  stuff 
from  (40).  Heads  to  (47);  overflow  of  heads  catch  boxes  to  (43);  tailings 
to  (44). 

43.  No.  2  settling  tank.     Settlings  shoveled  to  (47) ;  overflow  to  (44). 
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44.  From  (18),  (29),  (32),  (34),  (36),  (38),  (40),  (41),  (42),  (43)  and 
(46).     Waste  launder  to  mountain  side. 

45.  From  (21),  (22),  (23),  (27),  (28),  (31),  (33),  (35),  (37).  Bins  for 
concentrates.  Discharged  to  cars  and  wheeled  to  shipping  wagon.  Overflow  to 
(46). 

46.  No.  3  settling  tank.    Settlings  by  car  to  (47)  ;  overflow  to  (44). 

47.  From  (41),  (42),  (43),  (46).  The  concentrates  go  by  cars  and  platform 
elevator  to  a  Cummer  dryer  and  thence  to  store  bins  holding  60  tons. 

The  mill  is  in  duplicate,  that  is,  two  mills  side  by  side,  each  complete  in  itself 
and  the  above  description  is  for  one  half.  The  mills  can  be  run  together  or 
separately. 

The  labor  required  is  23  men  per  24  hours,  divided  into  two  shifts  of  12  hours 
each:  1  foreman,  2  assistant  foremen,  4  breaker  men,  2  jig  men,  2  slime  table 
and  vanner  men,  6  pickers,  1  stamp  man,  1  motor  man,  2  men  on  dryer,  2  men 
sacking  concentrates.  Wages  vary  from  $2.50  per  shift  for  laborers  to  $3.50  or 
$4  for  mechanics.     Board  costs  $1  per  day  and  coal  $10  per  ton. 

The  power  is  derived  from  two  Pelton  wheels  5  and  6  feet  in  diameter,  making 
330  and  270  revolutions  per  minute  and  using  deflecting  nozzles  1^^  and  If 
inches  in  diameter.  The  supply  pipes  are  30  to  16  inches  diameter,  about  4,000 
feet  long  and  have  heads  of  525  feet  and  650  feet,  respectively.  The  wheels  are 
rated  at  500  and  600  horse  power  and  run  a  direct  current  bi-polar  60-kilowatt 
dynamo  with  850  volts.  The  transmission  line  to  the  mill  is  1^  miles  long  of 
No.  000  copper  wire  and  drives  3  shunt  motors.  The  upper  motor  uses  30  am- 
peres with  820  volts  and  drives  the  breaker.  No.  1  rolls,  Nos.  1  to  8  trommels, 
Not.  1  to  4  elevators,  Nos.  1  to  3  jigs  and  pump.  The  middle  motor  uses  35 
•mperes  with  820  volts  and  runs  No.  2  rolls,  stamps.  No.  9  trommel  and  No.  5 
elevator.  The  lower  motor  uses  35  amperes  with  820  volts  and  runs  the  Hunting- 
ton mill,  the  platform  elevator,  Nos.  4  to  11  jigs,  the  slime  table  and  vanners. 
The  total  horse  power  required  is  110. 

The  water  for  the  mill  is  a  part  of  the  water  coming  from  the  mine  tunnel 
by  a  flume  4  feet  wide,  1  foot  deep  and  sloping  5  inches  in  100  feet.  The  water 
for  Nos.  1  to  8  trommels  has  to  be  raised  to  a  tank  at  the  top  of  the  mill  by  a 
geared  3-plunger  pump.  The  water  after  leaving  the  mill,  together  with  the 
balance  from  the  tunnel,  goes  to  run  the  power  plant  1^  miles  away. 

The  crude  ore  contains  20  to  30  ounces  silver  per  ton  and  0.2  ounce  gold;  the 
concentrates  contain  100  to  300  ounces  silver  and  0.4  to  1.0  ounce  gold;  the 
tailings  contain  4  ounces  silver  and  a  trace  of  gold  per  ton. 

One  hundred  tons  of  mine  ore  yield  25  tons  of  concentrates,  of  which  2^  tons 
come  from  the  picking  table,  1  ton  from  jigs  Nos.  1  to  3,  3  tons  from  jigs  Nos. 
4  to  9,  and  18^  tons  from  jigs  Nos.  10  and  11  and  the  fine  concentrators.  The 
mill  saves  about  90%  of  the  silver  and  gold  in  the  ore. 

The  preceding  outline  is  the  one  referred  to  throughout  the  book.  The  mill 
as  thus  arranged  had  certain  defects,  however,  chiefly  in  the  closeness  of  the 
sizing,  which  caused  unnecessary  screens  and  unnecessary  sliming  and  wear.  It 
has  been  recently  entirely  rearranged  according  to  the  following  scheme: 

Revenue  Tunnel  Mill  as  now  arranged. 

Capacity  175  to  275  tons  per  24  hours.  Ore  is  brought  in  cars  holding  3,000 
pounds  to  (1). 

1.  Two  stationary  picking  tables.    Smelting  ore  to  (2) ;  residue  to  (3). 

2.  No.  1  bins  for  picked  ore.    By  car  to  (32). 

3.  From  (1).    Two  No.  2  bins.    To  (4). 

4.  No.  1  grizzly.    Oversize  to  (5)  ;  undersize  to  (6). 
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5.  Two  No.  1  Blake  breakers,  9  X  15  inches,  crushing  to  1  inch.    To  (6). 

6.  From  (4),  (5),  (8).    One  No.  1  bucket  elevator,  lifting  30  feet.    To  (?). 

7.  One  No.  1  trommel  with  19.1 -mm.  round  holes.  Oversize  to  (8)  ;  under- 
size  to  (9). 

8.  One  pair  of  No.  1  rolls,  36  X  14  inches,  set  ^  inch  apart.    To  (6). 

9.  From  (7)  and  (16).     One  No.  2  bucket  elevator.    To  (10). 

10.  One  No.  2  trommel  with  12.7-mm.  round  holes.  Oversize  to  (15)  ;  under- 
size  to  (11). 

11.  One  No.  3  trommel  with  6.4-mm.  round  holes.  Oversize  to  (17)  ;  under- 
size  to  (12). 

12.  One  No.  4  trommel  with  1.8-mm.  square  holes.  Oversize  to  (18)  ;  under- 
size  to  (13). 

13.  No.  1  hydraulic  classifier.    Spigots  to  (19)  ;  overflow  to  (14). 

14.  No.  1  box  classifier.  A  V-shaped  tank  20  feet  long  and  7  feert  deep. 
Spigots  to  (28);  overflow  to  (31). 

15.  From  (10).  Two  No.  1  jigs.  1-sieve  Harz  jigs  with  4.8-mm.  round  hole 
sieves.    Discharges  by  car  to  (32)  ;  tailings  to  (16). 

16.  One  pair  of  No.  2  rolls,  36  X  14  inches.    To  (9). 

17.  From  (11).  Four  No.  2  jigs.  2-8ieve  Harz  jigs  with  3.2-mm.  round  hole 
sieves.     Discharges  by  car  to  (32) ;  tailings  to  (20). 

18.  From  (12).  Four  No.  3  jigs.  2-sieve  Harz  jigs  with  3.2-mm.  Tound 
hole  sieves.    Discharges  and  hutches  by  car  to  (33) ;  tailings  to  (20)  or  (24). 

19.  From  (13).  Four  No.  4  jigs.  2-sieve  Harz  jigs  with  3.2-mm.  rouiid 
hole  sieves.    Hutches  to  (33) ;  tailings  to  (24). 

20.  From  (17),  (18).  Thirty  gravity  stamps  arranged  in  six  batteries,  using 
rt  screen  with  1.4-mm.  square  holes.    By  No.  3  bucket  elevator  to  (21). 

21.  No.  2  hydraulic  classifier.    Spigots  to  (23)  ;  overflow  to  (22). 

22.  No.  2  box  classifier.    Spigots  to  (29)  ;  overflow  to  (34). 

23.  From  (21).  Four  No.  5  jigs.  2-sieve  Harz  jigs  with  3.2-mm.  round 
hole  sieves.    Hutches  by  car  to  (33) ;  tailings  to  (24). 

24.  From  (18),  (19)  and  (23).  Two  5-foot  Huntington  mills  using  a  home- 
made screen  with  1-mm.  slots  costing  $0.25  and  lasting  8  to  12  days.  By  No.  4 
bucket  elevator  to  (25). 

25.  No.  3  hydraulic  classifier.     Spigots  to  (27)  ;  overflow  to  (26). 

26.  No.  3  box  classifier.    Spigots  to  (30) ;  overflow  to  (34). 

27.  From  (25).  Six  No.  6  jigs.  2-sieve  Harz  jigs  with  2-mm.  round  hole 
bronze  sieves.    Hutches  by  car  to  (33) ;  tailings  to  (34). 

28.  From  (14).  Five  No.  1  Wilfley  tables.  Heads  by  car  to  (33);  tailings 
to  (34). 

29.  From  (22).     Four  No.  2  Wilfley  tables.     Products  like  (28). 

30.  From  (26).     Three  No.  3  Wilfley  tables.     Products  like  (28). 

31.  From  (14).  Stationary  canvas  tables,  50  feet  long,  4  feet  wide  and  slop- 
ing f  inch  per  foot.    Heads  by  car  to  (33) ;  tailings  to  (34). 

32.  From  (2),  (15)  and  (17).    Bins  for  concentrates.    To  shipping  wagon. 

33.  From  (18),  (19),  (23),  (27),  (28),  (29),  (30)  and  (31).  Cummer 
drier.    The  dried  concentrates  are  sacked  and  shipped  to  smelter. 

34.  From  (22),  (26),  (27),  (28),  (29),  (30),  (31).    Waste  launder  to  creek. 
The  mill  is  in  duplicate  and  the  above  description  is  for  one-half  only.    The 

two  halves  can  be  run  together  or  separately. 

TIhe  labor  required  is  59  to  65  men,  divided  into  2  shifts :  1  foreman,  1  assayer, 
1  machinist,  1  blacksmith,  1  carpenter,  1  ore  shipper,  4  trammers,  1  fireman, 
1  cook  and  2  helpers  work  the  day  shift  only;  2  feeders,  6  jig  men,  2  stamp 
men,  2  Huntington  mill  men,  2  oilers,  4  table  men,  2  general  helpers,  24  to  30 
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pickers  are  divided  so  that  half  of  them  work  each  shift;  1  night  watchman 
works  only  the  night  shift. 

There  are  5  electric  motors  using  80,  50,  25,  15  and  4  amperes,  respectively, 
with  800  volts.    This  is  equal  to  186  horse  power. 

In  comparing  this  new  scheme  with  the  old  it  will  be  seen  that  the  new  is 
simpler,  using  less  steps  and  it  has  a  greater  capacity.  The  introduction  of 
Wilfley  tables  and  canvas  tables  in  place  of  slime  tables  and  vanners  is  a  special 
feature. 

§  685.  Mill  No.  28.  Smuggler  Mining  Company,  Aspen,  Colorado. — 
Capacity  100  tons  in  10  hours.  The  mill  runs  10  hours  per  day,  7  days  per  week. 
The  ore  consists  of  the  economic  minerals  native  silver,  argentiferous  galena, 
pyrite,  argentiferous  barite,  a  little  blende  and  smithsonite,  and  a  gangue  of  blue 
limestone  and  quartz.  The  minerals  are  in  fine  crystallization.  The  country 
rock  is  shale  in  the  hanging  wall  and  brown  limestone  in  the  foot  wall.  The 
problem  is  to  save  the  silver  and  lead  without  the  zinc.  The  ore  comes  ^  mile 
from  the  mine  in  open  railroad  cars  and  is  shoveled  to  (1). 

1.  Little  tram  cars  running  125  feet  to  mill  feed  hopper  from  which  the  ore 
goes  to  (2). 

2.  Shaking  grizzly  with  IJ-inch  spaces.     Oversize  to  (3) ;  undersize  to  (4). 

3.  One  No.  1  Dodge  breaker,  9  X  15  inches,  crushing  to  1\  inches.     To  (4) . 
There  is  a  duplicate  set  consisting  of  feed  hopper,  grizzly,  a  7  X  12-inch  Blake 

breaker  and  a  belt  elevator  to  be  used  in  case  of  accident  to  the  Dodge  breaker. 

4.  Prom  (2)  and  (3).  No.  1  bin  holding  100  tons.  By  gate  and  chute, 
tram  car  and  double  platform  elevator  to  (5). 

5.  No.  1  feeder,  similar  to  Tulloch  feeder.     To  (6). 

6.  One  No.  1  trommel  with  16,  25  and  40-mm.  round  holes.  Over  40  mm. 
to  (7) ;  through  40  on  25  to  (19) ;  through  25  on  16  to  (20) ;  through  16  mm. 
to  (10). 

7.  From  (6),  (9),  (19),  (20).  One  pair  of  No.  1  rolls,  26X14  incho-, 
set  ^  inch  apart.  To  No.  2  bin  holding  7  tons  and  thence  by  gate  and  chute, 
car  and  platform  elevator  mentioned  in  (4)  to  (8). 

8.  No.  2  feeder,  similar  to  Tulloch  feeder.    To  (9). 

9.  One  No.  2  trommel  with  16-mm.  round  holes.  Oversize  to  (7)  ;  undersize 
to  (10). 

10.  From  (6)  and  (9).  One  No.  3  trommel  with  12-mm.  round  holes. 
Oversize  to  (21) ;  undersize  to  (11). 

11.  One  No.  4  tronmiel  with  8-mm.  round  holes.  Oversize  to  (22) ;  under- 
size to  (12). 

12.  One  No.  5  trommel  with  5-mm.  round  holes.  Oversize  to  (23)  ;  imder- 
gfze  to  (13). 

13.  One  No.  6  trommel  with  3.5-mm.  round  holes.  Oversize  to  (24)  ;  under- 
size to  (14). 

14.  One  No.  7  trommel  with  2-mm.  round  holes.  Oversize  to  (25) ;  under- 
size to  (15). 

15.  From  (14),  (29)  and  (32).  One  No.  1  hydraulic  classifier.  A  Meinecke 
classifier  with  4  spigots.  Ist  spigot  to  (33) ;  2d  to  (35) ;  3d  to  (37)  ;  4th  to 
(39)  ;  overflow  to  (16). 

16.  Two  No.  2  hydraulic  classifiers.*  Meinecke  spitzluiten  with  2  spigots  each. 
Spigots  by  No.  1  Frenier  sand  pump  to  (17)  ;  overflow  to  (18). 

17.  One  No.  1  surface  current  box  claspifier  with  2  spigots.  1st  spigot  to 
upper  deck  of  (42)  ;  2d  spigot  to  lower  deck  of  (42)  ;  overflow  to  (18). 

18.  From  (16)  and  (17).  No.  1  whole  current  box  classifier  with  5  spigots. 
vSpigots  by  No.  2  Frenier  sand  pump  to  lower  deck  of  (43)  ;  overflow  to  (50). 

*  Thete  are  now  thrown  out,  the  stuff  Ko'ng  straight  to  (17). 
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19.  From  (6).  One  No.  1  jig.  2-sieve  crank  arm  accelerated  jig  fed  at  t]> 
middle  partition,  making  practically  two  1-sieve  jigs.  Discharges  and  hutclu*^ 
to  (44) ;  tailings  to  (7). 

20.  From  (6).  Two  No.  2  jigs.  1-sieve  crank  arm  accelerated  jigs.  Product^ 
like  (19). 

21.  From  (10).  One  No.  3  jig.  4-sieve  crank  arm  accelerated  jig.  Ist  an»i 
2d  discharges  to  (44) ;  3d  and  4th  to  (26) ;  1st  and  2d  hutches  to  (44)  ;'3d  an! 
4th  to  (26)  ;  tailings  to  (60). 

22.  From  (11).  One  No.  4  jig.  4-sieve  crank  arm  accelerated  jig.  Product^ 
like  (21). 

23.  From  (12).  One  No.  6  jig.  4-sieve  crank  arm  accelerated  jig.  Product- 
like  (21). 

24.  From  (13).  One  No.  6  jig.  4-sieve  crank  arm  accelerated  jig.  1st  ami 
2d  discharges  to  (44) ;  3d  and  4th  hy  car  and  platform  elevator  mentioned  n 
(4)  to  (31) ;  1st  and  2d  hutches  to  (44) ;  3d  and  4th  by  car  and  platform 
elevator  mentioned  in  (4)  to  (31)  ;  tailings  to  (50). 

26.  From  (14).  One  No.  7  jig.  4-sieve  crank  arm  accelerated  jig.  Products 
like  (24). 

26.  From  (21),  (22),  (23)  and  (28).  One  pair  of  No.  2  rolls,  30  X  !♦ 
inches,  set  close  together.  To  No.  3  bin  holding  10  tons,  and  thence  by  ga:- 
and  chute,  car  and  platform  elevator  mentioned  in  (4)  to  (27). 

27.  No.  3  feeder,  similar  to  TuUoch  feeder.    To  (28). 

28.  One  No.  8  trommel  with  3^mm.  round  holes.  Oversize  to  (26) ;  under- 
sizeto  (29). 

29.  Two  No.  9  trommels  with  2-mm.  round  holes.  Oversize  to  (30) ;  undir- 
size  to  (15). 

30.  One  No.  8  jig.     4-8ieve  crank  arm  accelerated  jig.     Products  like  (24). 

31.  From  (24),  (25),  (30).     No.  4  Hendy  feeder.     To  (32). 

32.  One  6-foot  Huntington  mill  using  a  screen  with  2-mm.  round  holes.  T 
(16). 

33.  Prom  (15).  One  No.  1  unwatering  box.  Spigot  to  (34);  overflow  t 
(41). 

34.  One  No.  9  jig.  5-sieve  crank  arm  accelerated  jig.  Hutches  to  (46). 
tailings  to  (50). 

35.  From  (15).  One  No.  2  unwatering  box.  Spigot  to  (36);  overflow  r 
(41). 

36.  One  No.  10  jig.     5-siove  crank  arm  accelerated  jig.     Products  like  (31) 

37.  From  (15).  One  No.  3  unwatering  box.  Spigot  to  (38);  overflow  t' 
(41). 

38.  One  No.  11  jig.     5-sieve  crank  arm  accelerated  jig.     Products  like  (34« 

39.  From  (15).  One  No.  4  unwatering  box.  Spigot  to  (40);  overflow  :o 
(41). 

40.  One  No.  12  jig.     5-Bipve  crank  arm  accelerated  jig.     Products  like  (34) 

41.  From  (33),  (35),  (37),  (39).    Two  No.  5  unwatering  boxes.     Settlin..- 
to  lower  deck  of  (43)  ;  overflow  returned  as  hydraulic  water  for  jigs  Nos,  9  t 
12  or  to  (50). 

42.  From  (17).  One  No.  1  table.  A  2-deck  revolving  slime  table.  Upper 
deck  is  concave  and  lower  is  convex.  Heads  of  both  decks  to  (48) ;  middlin::- 
by  No.  3  Frenier  sand  pump  to  upper  deck  of  (43)  ;  tailings  to  (50). 

43.  From  (18),  (41)  and  (42).  One  No.  2  table.  A  2-deck  revolving  slim* 
table.  Upper  deck  is  concave  and  lower  is  convex.  Heads  of  both  decks  ' ' 
(48) ;  middlings  bv  pump  to  upper  deck;  tailings  to  (50). 

44.  From  (19),*  (20),  (21),  (22),  (23),  (24),  (25),  (30).  Bins  for  c.n' 
centrates.     Concentrates  shoveled  out  and  go  to  (49) ;  drainings  to  (45). 
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46.  Three  No.  1  settling  tanks.     Settlings  to  (49);  overflow  to  (50). 

46.  From  (34),  (36),  (38),  (40).  Bins  for  concentrates.  Concentrates 
shoveled  out  and  go  to  (49) ;  drainings  to  (47). 

47.  Two  No.  2  settling  tanks.     Settlings  to  (49) ;  overflow  to  (50). 

48.  From  (42)  and  (43).  No.  3  settling  tank.  Settlings  to  (49);  over- 
flow to  (50). 

49.  From  (44),  (45),  (46),  (47),  (48).  Cars  and  platform  elevator  to  two 
drying  floors,  each  25  X  12^  feet.  Dried  concentrates  shipped  in  railroad  cars 
to  smelter. 

50.  From  (18),  (21),  (22),  (23),  (24),  (25),  (30),  (34),  (36),  (38),  (40), 
(41),  (42),  (43),  (45),  (47),  (48).  Tailings  launder,  125  feet  long.  To 
creek. 

•  The  labor  required  per  10  hours  is  15  or  16  men :  1  or  2  breaker  men,  1  man 
on  rolls,  Huntington  mill  and  trommels,  4  jig  men,  1  table  man,  8  others. 
Wages  are  $2.75  per  day.  Board  costs  $1  per  day,  coal  $6  per  ton,  and  wood 
$4  per  cord. 

The  power  is  furnished  by  a  90-kilowatt  (110  horse  power)  electric  motor. 
The  motor  is  a  500-volt  continuous  current  multipolar  machine,  shunt  wound 
(for  constant  speed)  with  a  spe(»d  controlling  rheostat  in  the  field  circuit  for 
varying  the  speed  within  a  range  of  30%  without  loss  of  power.  The  power  is 
generated  by  water  running  Pelton  water  wheels  1  mile  distant.  The  mill  uses 
from  40  to  80  horse  power,  average  about  65.  There  is  a  steam  boiler  in  the 
mill  for  the  drying  floor. 

The  water  comes  from  Roaring  Fork  River  by  a  flume,  28  X  20  inches,  450 
feet  long,  and  entering  the  mill  under  a  head  of  2  feet.  The  mill  uses  1,500 
gallons  per  minute,  but  it  could  be  nm  with  1,000  gallons. 

TSie  ore  from  the  mine  contains  9^%  lead*  and  14.8  ounces  silver  per  ton. 
The  concentrates  from  jigs  No.  1  to  8  contain  39.6%  lead*  and  25  ounces  silver 
per  ton;  those  from  jigs  No.  9  to  12  contain  27.9%  lead*  and  20  ounces  silver. 
The  tailings  contain  0.2%  lead*  and  2  ounces  silver  per  ton.  The  mill  saves 
over  90%  of  the  lead  and  silver. 

§  686.  Mill  No.  29.  Ute  and  TJlay,  Lakk  City,  Colorado. — Capacity  350 
tons  in  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  ore 
consists  of  the  economic  minerals  pvrite,  blende,  chalcopyrite,  tetrahedrite  and 
argentiferous  galena  in  coarse  crystallization  and  a  gangue  of  quartz.  The 
problem  is  to  save  the  silver  and  lead  without  the  zinc.  The  mill  is  in  two  halves. 
One-half  is  here  described.     The  ore  from  the  mine  is  wheeled  to  (1). 

1.  Receiving  bin  holding  30  tons.     Shoveled  to  (2). 

2.  One  No.  1  Blake  breaker,  8  X  10  inches,  crushing  to  17  mm.    To  (3). 

3.  One  pair  of  No.  1  rolls,  21  X  12  inches,  set  \  inch  apart.     To  (4). 

4.  From  (3)  and  (6).     One  No.  1  bucket  elevator.     To  (5). 

5.  One  No.  1  trommel  with  8-mm.  round  holes.  Oversize  to  (6) ;  undersize 
to  (7). 

6.  One  pair  of  No.  2  rolls,  21  X  16  inches,  set  J  inch  apart.     To  (4). 

7.  From  (5)  and  (9).  One  No.  2  trommel  with  6-mm.  round  holes.  Over- 
size to  (8)  ;  undersize  to  (10). 

8.  One  pair  of  No.  3  rolls,  21  X  16  inches,  set  close  together.    To  (9). 

9.  One  No.  2  bucket  elevator.    To  (7). 

10.  From  (7).  One  No.  3  trommel  with  4-nMn.  round  holes.  Oversize  to 
(15)  ;  undersize  to  (11). 

11.  One  No.  4  trommel  with  3-mm.  round  holes.  Oversize  to  (16) ;  under- 
FIZP  to   (12). 

•  Probably  assayed  by  fln». 
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12.  One  No.  5  trammel  with  2J-mm.  round  holes.  Oversize  to  (17)  ;  under- 
size  to  (13). 

13.  One  No.  1  hydraulic  classifier  with  2  spigots.  1st  spigot  to  (18)  ;  2d  to 
(19);  overflow  to  (14). 

14.  One  No.  2  hydraulic  classifier  with  2  spigots.  1st  spigot  to  (20)  ;  2d  to 
(21) ;  overflow  by  distributor  to  (22). 

15.  Prom  (10).  Two  No.  1  jigs.  4-sieve  Harz  jigs.  Discharges  and  hutches 
to  (23) ;  tailings  to  (24). 

16.  From  (11).     Two  No.  2  jigs.     4-sieve  Harz  jigs.     Products  like  (15). 

17.  From  (12).     Two  No.  3  jigs.     4-sieve  Harz  jigs.     Products  like  (15). 

18.  From  (13).    One  No.  4  jig.    4-sieve  Harz  jig.    Products  like  (15). 

19.  From  (13).  One  No.  5  jig.  4-sieve  Harz  jig.  Hutches  to  (23) ;  tail- 
ings to  (24). 

20.  From  (14).     One  No.  6  jig.     4-sieve  Harz  jig.     Products  like  (19). 

21.  From  (14).     One  No.  7  jig.     4-sieve  Harz  jig.     Products  like  (19). 

22.  From  (14).  Three  convex  revolving  slime  tables.  Heads  to  (23)  ;  mid- 
dlings pumped  back  to  tables  by  centrifugal  pump;  tailings  to  (24). 

23.  From  (15),  (16),  (17),  (18),  (19),  (20),  (21),  (22).  A  conical  re- 
volving drier  with  a  capacitv  of  30  to  40  tons  in  24  hours. 

24.  From  (15),  (16),  (17),  (18),  (19),  (20),  (21),  (22).  Waste  launder 
to  creek. 

The  labor  required  is  25  men  per  24  hours  divided  into  two  shifts :  2  engineers, 
6  firemen,  6  crushermen,  6  jig  men,  3  slime  table  men  and  2  others.  Wages 
range  from  $2.50  to  $3  per  day.     Board  costs  $26  per  month. 

The  power  is  derived  either  from  water  or  steam.  The  latter  is  used  only 
when  there  is  a  scarcity  of  the  former.     The  mill  requires  80  horse  power. 

The  water  is  supplied  by  a  flume. 

The  crude  ore  contains  about  6%  lead  and  4  ounces  silver  per  ton ;  the  con- 
centrates carry  60%  lead,  19  ounces  silver  and  0.02  ounce  gold  per  ton;  the  tail- 
ings carry  0.5%  lead  and  1  ounce  silver  per  ton.  One  hundred  tons  of  ore  yield 
about  35  tons  of  concentrates.     The  mill  saves  about  60%  of  the  silver  and  over 

%  of  the  lead. 


(g)   COMPLEX  JIGGING  MILLS  DRESSING  ORES  OF  SILVER  AND  LEAD  IN  IDAHO  AND 

IN  EUROPE. 

§  687.  This  group  includes  Mills  30  to  37  inclusive,  the  Himmelfahrt  mill  at 
Freiberg,  and  the  mills  apt  Laurenburg  and  Clausthal.  Mills-  30  to  37  crush  by 
breakers  and  rolls,  and  wash  by  screens,  classifiers,  jigs,  and  tables  or  vanners. 
Mills  30  and  31  send  coarse  middlings  to  auxiliary  rolls,  and  then  back  into  the 
system,  but  send  fine  middlings  to  auxiliary  rolls,  screens  and  jigs,  and  the  fine 
undersize  goes  back  into  the  system.  Mills  32  and  35  send  all  middlings  to 
auxiliary  rolls,  screens,  classifiers  and  jigs,  and  the  fine  overflow  of  classifiers 
back  into  the  system.  The  graded  crushing  of  the  middlings  in  Mill  32  appears 
to  be  very  systematic.  Mills  33,  34  and  36  send  all  middlings  to  auxiliary  rolls, 
and  then  back  into  the  system.  Mill  37  sends  coarse  middlings  to  aiudliaiy 
rolls  and  then  back  into  the  system,  but  it  sends  fine  middlings  to  auxiliary  rolls 
and  Huntington  mills,  screens,  classifiers  and  jigs,  and  the  fine  overflow  of  the 
classifiers  back  into  the  system.  The  middlings  jigs  make  second  middlings  which 
go  back  into  the  middlings  system. 

Mills  36  and  37  both  illustrate  the  coupling  together  of  two  kinds  of  machines 
to  get  the  best  results.  In  the  former  mill  the  slime  table  heads  are  cleaned  on 
a  vanner,  and  in  the  latter  the  middlings  of  the  slime  tables  are  cleaned,  on  Wilfley 
tables. 
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The  three  foreign  mills  are  inserted  here  for  comparison  of  European  with 
American  methods.  They  show  a  longer  treatment  involving  the  use  of  more 
labor,  more  crushing  and  recrushing  of  middlings  and  more  rewashing  of  tailings 
in  order  to  save  every  grain  of  mineral  that  can  be  saved  economically.  They 
are  in  marked  contrast  with  the  hustling  American  mills  which  seek  to  eliminate 
labor  as  far  as  possible. 

§  688.  Mill  No.  30.  Bunker  Hill  and  Sullivan  Mining  and  Concen- 
trating Company,  Kellogg,  Idaho. — Capacity  530  tons  in  24  hours.  The  mill 
runs  24  hours  per  day,  7  days  per  week.  The  ore  consists  of  the  economic  min- 
erals argentiferous  galena  and  some  pyrite,  and  a  gangue  of  quartzite  and  siderite. 
The  galena  is  sometimes  in  coarse  lumps  but  usually  it  is  finely  disseminated 
through  the  gangue.  The  problem  is  to  save  the  silver  and  lead  without  the 
zinc.  The  ore  is  hand  picked  in  the  mine  into  two  classes:  smelting  ore  to  (1) ; 
concentrating  ore  by  cars  holding  3,000  pounds  to  (5). 

1.  Chutes  or  store  bins  in  the  mine.    By  cars  holding  3,400  pounds  to  (2). 

Rock  House. 

2.  One  No.  1  grizzly  with  IJ-inch  spaces.  Oversize  by  chute  and  gate  to  (3) ; 
undcrsize  to  (4). 

3.  A  Blake  breaker  for  smelting  ore,  9X15  inches,  crushing  to  2^  inches. 
To  (4). 

4.  From  (2)  and  (3).  No.  1  bin.  25  feet  long,  20  feet  wide,  and  20  feet 
deep,  with  flat  bottom,  holding  750  tons.     By  gates  and  chutes  to  (8). 

5.  From  the  mine.  Two  No.  2  grizzlies  with  l^-inch  spaces.  Oversize  to  (6) ; 
undersize  to  (7). 

6.  Two  breakers  for  concentrating  ore.  One  is  a  Gates  No.  4,  and  the  other 
is  a  Blake  9  X  15  inches,  both  crushing  to  2\  inches.  The  latter  is  run  only  in 
case  of  emergency.     To  (7). 

7.  From  (5)  and  (6).  No.  2  bin,  48  feet  long,  20  feet  wide  and  20  feet  deep, 
with  flat  bottom,  holding  1,400  tons.     By  chutes  and  gates  to  (8). 

8.  From  (4)  and  (7).  A  Bleichert  rope  tramway  with  buckets  30  inches  long, 
15  inches  deep,  24  inches  wide  at  the  top,  16  inches  wide  at  bottom,  holding  about 
732  pounds  of  ore,  and  placed  about  140  feet  apart.  The  tramway  is  1 J  miles 
long,  and  the  round  trip  is  made  in  63  minutes.  It  delivers  the  shipping  ore  to 
(9)  and  the  concentrating  ore  to  (10). 

Mill. 

9.  No.  3  or  shipping  bin,  34  feet  long,  7  feet  wide,  and  16  feet  deep,  with 
sloping  bottom,  holding  250  tons.     To  shipping  car  to  go  to  smelter. 

10.  From  (8).  No.  4  bin  with  flat  bottom  holding  about  3,200  tons  of  ore. 
To  (11). 

11.  Eighteen  picking  chutes.  Rich  ore  (about  2i'%  of  the  total)  to  (12); 
residue  to  (13). 

12.  Twelve  No.  6  bins  for  picked  ore.    To  shipping  car  to  go  to  smelter. 

13.  From  (11).  Two  No.  1  pan  conveyors  with  pans  23^  inches  wide  at  the 
top,  21  inches  at  the  bottom,  14  inches  long,  with  2  inches  lap,  and  6  inches  deep. 
Each  ifl  driven  by  a  sprocket  chain  at  the  rate  of  60  feet  per  minute.  The  upper 
whwls  are  10  inches  diameter,  28  inches  apart;  the  return  wheels  below  are  15 
inches  diameter.    Total  length  is  85  feet.    To  (14). 

14.  Two  No.  2  pan  conveyors  like  (13)  except  they  slope  up  40®  or  10  inches 
per  foot,  the  pans  are  8  inches  deep  with  a  5-ineh  wall  at  the  back  end,  and  the 
return  wheels  below  are  grooved^    To  (15). 
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15.  Two  No.  6  bins  holding  30  tons  each.  By  two  sliding  block  feeders  to 
(16). 

16.  Two  pairs  of  No.  1  rolls,  36  X  14  inches,  set  J  inch  apart     To  (17), 

17.  From  (16),  (19)  and  (31).    Two  No.  1  bucket  elevators.    To  (18). 

18.  Two  No.  1  trommels.  Sectional  with  10,  15  and  25-mm.  round  holes. 
Over  25  mm.  to  (19) ;  through  25  on  15  mm.  to  (27) ;  through  15  on  10  mm. 
to  (28) ;  through  10  mm.  to  (20). 

19.  Two  pairs  of  No.  2  rolls,  24  X  14  inches,  set  i  inch  apart.     To  (17). 

20.  From  (18).  Four  No.  2  trommels.  Sectional  with  3,  5  and  7-mnL  Tound 
holes.  Over  7  mm.  to  (29)  ;  through  7  on  5  mm.  to  (32) ;  through  5  on  3  mm 
to  (33) ;  through  3  mm.  to  (21). 

21.  From  (20)  and  (38).  Four  No.  1  hydraulic  classifiers  with  3  spigots 
each.     Ist  spigot  to  (34) ;  2d  to  (35) ;  3d  to  (36) ;  overflow  to  (22).* 

22.  Four  No.  1  whole  current  box  classifiers  with  4  spigots  each.  Ist  spigot 
to  upper  deck  of  (39) ;  2d  to  upper  deck  of  (40) ;  3d  to  upper  decks  of  (39) 
and  (41) ;  4th  to  upper  deck  of  (41)  ;  overflow  to  (23). 

23.  One  No.  1  distributing  tank  with  12  spigots.  Spigots  in  pairs  to  (42) ; 
overflow  to  (24). 

24.  One  No.  2  whole  current  box  classifier  with  4  spigots.  Spigots  in  pairs 
to  (43);  overflow  to  (25). 

25.  One  No.  3  whole  current  box  classifier  with  4  spigots.  Spigots  in  pairs 
to  (44);  overflow  to  (26). 

26.  Two  No.  1  settling  tanks  used  alternately.  Settlings  shoveled  out  and 
stored  for  future  treatment;  overflow  to  (49). 

27.  From  (18).  Two  No.  1  jigs.  3-8ieve  Harz  jigs.  1st  discharge  to  (45)  : 
2d  and  3d  to  (30) ;  1st  hutch  to  (45) ;  2d  and  3d  to  (30) ;  tailings  to  (48).         ! 

28.  From  (18).     Two  No.  2  jigs.     3-sieve  Hurz  jigs.     Products  like  (27). 

29.  From  (20).     Four  No.  3  jigs.     3-sieve  Harz  jigs.     Products  like  (27). 

30.  From  (27),  (28)  and  (29).     Two  No.  2  bucket  elevators.     To  (31). 

31.  Two  pairs  of  No.  3  rolls,  30  X  16  inches,  set  close  together.    To  (17). 

32.  From  (20).  Eight  No.  4  jigs.  3-sieve  Harz  jigs.  1st  disch.*irge  to 
(45) ;  2d  to  (46) ;  3d  to  (37) ;  1st  hutch  to  (45) ;  2d  to  (46) ;  3d  to  (37)  ; 
tailings  to  (48). 

33.  From  (20)  and  (38).  Eight  No.  5  jigs.  S-sieve  Harz  jigs.  Products 
like  (32). 

34.  From  (21).  Eight  No.  6  jigs.  3-sieve  Harz  jigs.  1st  discharge  to  (45)  ; 
2d  not  used;  3d  to  (37) ;  1st  hutch  to  (45)  ;  2d  to  (46) ;  3d  to  (37)  ;  tailings 
to  (49). 

35.  From  (21).  Four  No.  7  jigs.  4-sieve  Harz  jigs.  Ist  hutch  to  (45); 
2d  and  3d  to  (46)  ;  4th  to  (37) ;  tailings  to  (49). 

36.  From  (21).  Four  No.  8  jigs.  4-sieve  Harz  jigs.  Ist  and  2d  hutches 
to  (45) ;  3d  to  (46) :  4th  to  (37) ;  tailinfirs  to  (49). 

37.  From  (32),  (33),  (34),  (35),  (36)  and  (38).  Two  pairs  of  No.  4 
rolls.     By  two  No.  3  bucket  elevators  to  (38). 

38.  Two  No.  3  trommels.  Sectional  with  2^  and  5-mm.  round  holes.  Over 
5  mm.  to  (37) ;  through  5  on  2^  mm.  to  (33) ;  through  2i  mm.  to  (21). 

39.  From  (22).  One  No.  1  convex  revolving  slime  table  with  2  decks. 
Heads  of  upper  deck  to  (45) ;  middlings  to  lower  deck;  tailings  to  (49)  ;  heads 
of  lower  deck  to  (46)  ;  middlings  should  be  made  to  go  to  (24)  but  are  not; 
tailings  to   (49). 

40.  From  (22).  One  No.  2  convex  revolving  slime  table  with  2  decks. 
Products  like   (30). 

*  Change  made  later.    See  comments  at  the  end  of  this  mill. 
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41.  From   (22).    One  No.  3  convex  reyolving  slime  table  with  2  decks. 
Products  like  (39). 

42.  From  (23).    Nos.  1  to  6  Tanners.    4-foot  Frue  vanners.    Heads  to  (46) ; 


Nos.  7  and  8  vanners.    4-foot  Frue  vanners.    Products 


tailings  to  (49). 

43.  From   (24). 
like  (42). 

44.  From  (25).  Nos.  9  and  10  vanners.  4-foot  Frue  vanners.  Heads  to 
(46) ;  tailings  to  (49). 

45.  From  (27),  (28),  (29),  (32),  (33),  (34),  (35),  (36),  (39),  (40),  (41), 
(42),  (43).  Six  No.  2  settling  tanks  holding  75  tons  each,  for  first  class  con- 
centrates. Settlings  shoveled  out  to  car,  sampled,  weighed  and  wheeled  to 
shipping  car  to  go  to  smelter;  overflow  to  (47). 

46.  From  (32),  (33),  (34),  (36),  (36),  (39),  (40),  (41),  (44).  Six  No.  3 
settling  tanks  holding  30  tons  each,  for  second  class  concentrates.  Products  like 
(45). 

47.  From  (45)  and  (46).  One  No.  4  settling  tank.  Settlings  shoveled  out 
to  car,  sampled,  weighed  and  wheeled  to  shipping  car  to  go  to  smelter ;  overflow 
to  (49). 

48.  From  (27),  (28),  (29),  (32),  (33).  Launder  for  coarse  material  to 
store  heaps  outside  the  mill.     Kept  for  possible  future  value. 

49.  From  (26),  (34),  (35),  (36),  (39),  (40),  (41),  (42),  (43),  (44),  (47). 
Launder  for  fine  material  to  creek. 

This  mill,  except  for  the  fine  concentration  part  is  arranged  in  two  indepen- 
dent halves.  This  includes  paragraphs  (11)  to  (22)  inclusive  and  (27)  to 
(38)  inclusive. 

The  labor  required  is  44  to  54  men,  divided  into  2  shifts  of  12  hours  each. 
The  day  shift  has  1  foreman,  4  jig  men,  1  table  and  vanner  man,  1  man  oiling 
machinery  and  looking  after  electric  lights,  1  man  on  feeder  and  pan  conveyors, 
\\  breaker  men  in  rock  house,  ^  man  heating  mill  in  cold  weather,  \  man  on 
flume,  1  mechanic  making  repairs  and  changes,  1^  carpenters,  1  helper  and 
10  to  15  ore  pickers.  The  night  shift  has  1  night  boss,  4  jig  men,  1  table  and 
vanner  man,  1  man  oiling,  1  feeder,  1  breaker  man,  \  man  heating  mill,  1  watch- 
man and  10  to  15  pickers.  Wages  vary  from  $2.50  to  $4.50  per  day.  Board 
costs  $6  per  week;  wood  costs  $2.80  per  cord  at  the  mill  and  $3.10  at  the  mine. 
Sampling  and  loading  the  concentrates  is  charged  as  shipping  expense  and 
amounts  to  5.1  cents  per  ton  of  concentrates. 

Power  for  the  rock  house  is  furnished  by  a  Pelton  water  wheel  running  under 
a  head  of  280  feet.  Power  at  the  mill  is  furnished  by  two  Leffel  turbine  wheels, 
17^  inches  in  diameter,  taking  water  from  the  fiunue  imder  a  head  of  58  feet, 
and  generating  76  horse  power  each. 

Water  is  supplied  by  a  flume  7  feet  9  inches  wide,  5  feet  deep.  If  miles  long, 
with  a  grade  of  \  inch  in  16  feet.  It  is  necessary  to  elevate  the  water  for  the 
trommels  to  a  store  tank  at  the  top  of  the  mill  holding  1,500  gallons,  by  2 
centrifugal  pumps  with  4-inch  discharge  pipes,  and  making  450  revolutions  per 
minute. 

Assays  are  as  follows: 


Smeltiiiff  ore  from  the  mine 

Conoentnliiig  ore  from  the  mine 

Picked  ore  from  (IS) 

First  claas  concentrates  from  (45) 

S«*road  claas  oonoentratM  from  (46) 

cnarse  tailings  (48) 

Fine  tailings 

Slimes  from  Na  1  settling  tank  (26),  small  In 
amount. • 


4(M8 
9-14 

46 

65 

40 
1.96 
3.» 

18.0 


Silirer. 
Per  Ton. 


Ounces, 

16-85 
4-7 

22 

28 

16 
1.03 
1.84 

0.0 


Iron 
(Fe). 


% 

14-16 

24-27 

20 

19 

23 

2K 

84 


Biaoganeee 
(Mn). 


2-3 


Silica 
(8iO,). 


% 

7-9 
23-26 

5 

2 

3 
3t 
21 
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The  mine  yields  per  day  of  24  hours  5  to  10  tons  of  smelting  ore  and  450  to 
500  tons  of  concentrating  ore.  One  hundred  tons  of  concentrating  ore  in  the  mill 
yield  0  to  3  tons  of  hand  picked  smelting  ore,  9  to  12  tons  of  first  class  con- 
centrates, and  3  to  4  tons  of  second  class  concentrates,  and  81  to  88  tons  of 
tailings.     The  mill  saves  76%  of  the  lead  and  72%  of  the  silver. 

After  the  author's  visit  a  change  was  made  in  this  mill  which  resulted  in  an 
increased  saving.  The  overflows  of  the  four  No.  1  hydraulic  classifiers  (21) 
were  all  sent  to  fifteen  convex  revolving  slime  tables,  and  these  tables  make 
heads  to  smelter,  tailings  to  waste  and  middlings  to  a  box  classifier  sending 
spigots  to  ten  4-foot  Frue  vanners  and  overflow  to  waste.  The  vanners  yield 
heads  to  smelter  and  tailings  to  waste.  The  stuff  fed  to  the  tables  contains  10% 
lead,  the  table  heads  34%,  tailings  5%,  and  middlings  (fed  to  vanner)  8% 
lead.  The  vanner  heads  contain  50%  lead,  tailings  4%,  and  the  overflow  of 
the  box  classifier  10.6%  lead,  but  is  small  in  amount.  The  total  table  head? 
amounts  to  10  tons  per  24  hours,  and  the  vanner  heads  amount  to  2  tons. 

Becently  the  old  mill  has  been  blown  up  and  a  new  mill  built,  using  practically 
the  same  scheme  as  in  the  old.  Four  5-foot  Huntingtons  have  been  installed 
to  help  the  rolls  in  grinding  middlings,  and  there  are  now  eight  3-deck  slime 
tables  and  twenty-one  Frue  vanners.  The  capacity  is  stated  to  be  1,000  tons 
per  24  hours.^^® 

§  689.  Mill  No.  31.  Gem  Mill  op  the  Milwaukee  Mining  Company, 
Gem,  Idaho. — Capacity  200  tons  in  24  hours.  The  mill  runs  24  hours  per 
day,  7  days  per  week.  The  ore  consists  of  the  economic  minerals  argentiferous 
galena  and  blende  and  a  gangue  of  quartz.  The  problem  is  to  save  the  silver 
and  lead  without  the  zinc.  The  ore  from  the  upper  •and  middle  timnels  of  the 
mine  is  held  in  a  bin  holding  100  tons,  and  thence  lowered  by  an  incline  to  (1) ; 
the  ore  from  the  lower  tunnel  is  hauled  in  cars  by  horses  to  (i). 

1.  Mill  bin  holding  60  tons.     By  gate  to  (2). 

2.  Picking  chute.  Rich  smelting  ore  (1.6%  of  total)  to  bin  to  be  shipped  to 
smelter;  residue  to  (3). 

3.  One  No.  1  Blake  breaker,  7  X  10  inches,  crushing  to  IJ  inches.    To  (4). 

4.  One  pair  of  No.  1  rolls,  36  X  18  inches,  set  i  inch  apart.     To  (5). 

5.  From  (4)  and  (21).     One  No.  1  bucket  elevator.     To  (6).' 

6.  One  No.  1  trommel.  Sectional  and  concentric  with  9,  15  and  18-inm.  round 
holes.  Over  18  mm.  to  (13) ;  through  18  on  15  to  (14) ;  through  15  on  9  to 
(15);  through  9  mm.  to  (7). 

7.  One  No.  2  trommel.  Sectional  and  concentric  with  4-  and  6-mm-  round 
holes.     Over  6  mm.  to  (16) ;  through  6  on  4  mm.  to  (17) ;  through  4  mm.  to  (8). 

8.  One  No.  1  surface  current  box  classifier  with  3  spigots.  1st  spigot  to 
(18) ;  2d  to  (19) ;  3d  to  (20) ;  overflow  to  (9). 

9.  From  (8)  and  (24).  One  No.  2  surface  current  box  classifier  with  5 
spigots.     Spigots  to  both  decks  of  (28) ;  overflow  to  (10). 

10.  One  No.  3  surface  current  box  classifier  with  6  spigots.  Spigots  to  both 
decks  of  (28) ;  overflow  to  (11). 

11.  One  No.  1  whole  current  box  classifier  with  4  spigots.  Spigots  to  (29) ; 
overflow  to  (12). 

12.  One  No.  2  whole  current  box  classifier  with  4  spigots.  Spigots  to  (29) ; 
overflow  to   (30). 

13.  From  (6).  Two  No.  1  jigs.  2-8ieve  sliding  block  accelerated  jigs.  1st 
discharge  to  (31) ;  2d  to  (21)  ;  1st  hutch  to  (31)  ;  2d  to  (21)  ;  tailings  to  (34). 

14.  From  (6).     Two  No.  2  jigs.     2-sieve  Harz  jigs.     Products  like  (13). 

15.  From  (6).     Two  No.  3  'jigs.     2-sieve  Harz  jigs.     Products  like  (13). 

16.  Prom  (7).     One  No.  4  jig.    4-8ieve  Harz  jig.     Ist  and  2d  discharges  to 
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(31)  ;  3d  and  4th  to  (21) ;  Ist  and  2d  hutches  to  (31) ;  3d  and  4th  to  (21) ; 
tailings  to  (34). 

17.  From    (7).     One  No.  5  jig.     4-sieve  Harz  jig.     Products  like   (16). 

18.  From  (8).  One  No.  6  jig.  4-sieve  Harz  jig.  1st  and  2d  discharges 
to  (31)  ;  3d  and  4th  to  (22)  ;  1st  and  2d  hutches  to  (31)  ;  3d  and  4th  to  (22) ; 
tailings  to  (34). 

19.  From  (8).  One  No.  7  jig.  4-8ieve  Harz  jig.  1st  discharge  to  (31); 
1st  and  2d  hutches  to  (31) ;  3d  and  4th  hutches  to  (22) ;  tailings  to  (34). 

20.  From  (8).  One  No.  8  jig.  4-sieve  Harz  jig.  1st  and  2d  hutches  to 
(31)  ;  3d  and  4th  to  (22) ;  tailings  to  (34). 

21.  From  (13),  (14),  (15),  (16),  (17).  One  pair  of  No.  2  rolls,  24  X  12 
inches,  set  \  inch  apart.     To  (5). 

22.  From  (18),  (19),  (20),  (23),  (25),  (26),  (27).  One  pair  of  No.  3 
rolls,  24  X  12  inches,  set  close  together.     By  No.  2  elevator  to  (23). 

23.  One  No.  3  trommel  with  2J-mm.  round  holes.  Oversize  to  (22) ;  under- 
size  to  (24). 

24.  One  No.  4  surface  current  box  classifier  with  3  spigots.  1st  spigot  to 
(25)  ;  2d  to  (26) ;  3d  to  (27)  ;  overflow  to  (9). 

25.  One  No.  9  jig.  4-sieve  Harz  jig.  Ist  and  2d  discharges  to  (31) ;  3d 
and  4th  to  (22) ;  1st  and  2d  hutches  to  (31) ;  3d  and  4th  to  (22) ;  tailings 
to  (34). 

26.  From  (24).  One  No.  10  jig.  4-sieve  Harz  jig.  1st  and  2d  hutches 
to  (31)  ;  3d  and  4th  to  (22) ;  tailings  to  (34). 

27.  From  (24).     One  No.  11  jig.     4-sieve  Harz  jig.     Products  like  (26). 

28.  From  (9)  and  (10).  No.  1  slime  table.  A  2-deck  convex  revolving  slime 
table.  Heads  of  upper  deck  to  (31) ;  middlings  to  lower  deck;  tailings  to  (34). 
Heads  of  lower  deck  to  (31) ;  middlings  to  (30) ;  tailings  to  (34). 

29.  From  (11)  and  (12).  No.  2  slime  table  A  2-deck  convex  revolving 
slime  table.     Products  like  (28). 

30.  From  (12),  (28)  and  (29).  Four  4-foot  Frue  vanners.  Heads  to  (31) ; 
tailings  to  (34). 

31.  From  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (20),  (25),  (26), 
(27),  (28),  (29),  (30).     No.  3  bucket  elevator  for  concentrates.     To  (32). 

32.  Three  No.  1  settling  tanks.  While  one  is  filling,  one  is  draining  and 
one  is  being  emptied.     Settlings  shipped  to  smelter;  overflow  to   (33). 

33.  One  No.  2  settling  tank.     Settlings  shipped  to  smelter;  overflow  to  (34). 

34.  From  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (20),  (25),  (26),  (27), 
(28),  (29),  (30),  (33).    Tailings  launder,  200  feet  long,  to  creek. 

The  labor  required  is  15  men  per  24  hours  divided  into  two  shifts :  3  engineers, 
2  firemen,  1  foreman,  2  men  at  rock  breaker,  4  jig  men,  2  vanner  men,  1  other 
man.  Wages  vary  from  $3  to  $5  per  day.  Board  costs  $30  per  month,  and 
wood  is  $3.70  per  cord. 

The  power  is  derived  from  3  fire  tube  boilers  16  feet  long,  72  inches  diameter, 
one  with  72  tubes  and  two  with  56  tubes  all  4  inches  diameter,  running  under 
a  pressure  of  90  pounds  per  square  inch,  and  consuming  10  cords  of  wood  per 
24  hours;  and  a  Buckeye  engine  with  cylinder  10  X  18  inches,  making  150  revo- 
lutions per  minute,  cutting  oflE  at  J  stroke  and  developing  75  indicated  horse 
power. 

The  water  is  derived  from  a  fiume  3  feet  wide  and  4  feet  deep  with  a  grade 
of  \  inch  in  100  feet,  bringing  water  1,700  feet  from  the  creek.  A  pump  with 
cylinder  10  X  10  inches,  making  40  revolutions  per  minute,  lifts  water  12  feet 
to  a  store  tank. 

The  ore  contains  10  to  13%  lead  and  5^  to  7  ounces  silver  per  ton.  The  con- 
centrates contain  62  to  65%  lead  and  32  to  36  ounces  silver.     The  tailings  con- 
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tain  1  to  \\%  lead  and  1^  to  2  ounces  silver  per  ton.  One  hundred  tons  of  on* 
yield  1.7  tons  of  smelting  ore  picked  out  by  hand,  and  16  tons  of  concentrates 
and  82  tons  of  tailings.  The  mill  saves  about  90%  of  the  lead  and  about  80%  of 
the  silver. 

§690.  Mill  No.  32.  Helena  and  Pbisco  Mining  Company,  Gkm,  Idaho. 
— Capacity  600  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per 
week.  The  ore  is  of  two  kinds :  (a)  the  upper  oxidized  ore  from  near  the  sur- 
face, containing  the  economic  minerals  cerrusite  and  pyromorphite  and  a  gangue 
of  quartz  and  iron  oxide;  (6)  sulphide  ore  from  below  containing  the  economic 
minerals  argentiferous  galena,  pyrite,  chalcopyrite  and  blende  and  a  gangue  of 
quartz.  The  galena  is  more  or  less  finely  disseminated.  The  problem  is  to  save 
the  lead  and  silver  without  the  zinc.  Both  kinds  of  ore  are  treated  together. 
The  ore  is  brought  in  cars  to  (1). 

1.  No.  1  or  receiving  bin  holding  1,600  tons.    By  gates  and  chutes  to  (2). 

2.  Two  No.  1  grizzlies  with  l^-inch  spaces.     Oversize  to  (3) ;  undersize  to  (4). 

3.  Two  No.  1  Blake  breakers,  9  X  15  inches,  crushing  to  IJ  inches.     To  (4). 

4.  From  (2)  and  (3).  One  No.  2  bin  with  hopper  bottom,  holding  25  tons. 
By  Tulloch  feeder  to  (5). 

5.  One  pair  of  No.  1  rolls,  31  X  16  inches,  set  \  inch  apart.    To  (6). 

6.  Two  No.  1  trommels.  Sectional  with  8  and  12-mm.  round  holes.  Over 
12  mm.  to  (10) ;  through  12  on  8  to  (11) ;  through  8  mm.  to  (7). 

7.  From  (6)  and  (17).  One  No.  2  trommel.  Sectional  with  3-  and  6-min. 
round  holes.  Over  6  mm.  to  (12) ;  through  6  on  3  mm.  to  (13) ;  through  3  mm. 
to  (8). 

8.  One  No.  1  hydraulic  classifier  with  5  spigots.  Spigots  are  distributed  to 
(14),  (15)  and  (16)  ;  overflow  to  (9). 

9.  From  (8)  and  (23).  No.  1  whole  current  box  classifier.  Spigots  to  upper 
and  middle  decks  of  (27) ;  overflow  to  (31). 

10.  From  (6).  One  No.  1  jig.  *  2-sieve  Harz  jig.  1st  discharge  to  (30); 
2d  to  (18) ;  1st  and  2d  hutches  to  (18) ;  tailings  (only  water  and  chips)  to  (31 ). 

11.  From  (6).  Four  No.  2  jigs.  4-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (30) ;  3d  and  4th  to  (17)  ;  all  4  hutches  to  (30) ;  tailings  to  (17). 

12.  From  (7).  Two  No.  3  jigs.  4-sieve  Harz  jigs.  Ist  and  2d  discharges 
to  (30) ;  3d  and  4th  to  (19) ;  1st  and  2d  hutches  to  (30) ;  3d  and  4th  to  (19)  ; 
tailings  to  (31). 

13.  From  (7).     Four  No.  4  jigs.     4-sieve  Harz  jigs.     Products  like  (12). 

14.  From  (8).  Two  No.  5  jigs.  4-siove'Harz  jigs.  4th  discharge  to  (19)  ; 
1st  and  2d  hutches  to  (30) ;  3d  and  4th  to  (19) ;  tailings  to  (31). 

15.  From  (8).     One  No.  6  jig.     4-sieve  Harz  jig.     Products  like  (14). 

16.  From  (8).  One  No.  7  jig.  4-Bieve  Harz  jig.  1st  and  2d  hutches  to 
(30) ;  3d  and  4th  to  (19)  ;  tailings  to  (31). 

17.  From  (11).  One  No.  3  tromanel  with  5-mm.  round  holes.  Overrize  to 
(18) ;  undersize  to  (7). 

18.  From  (10)  and  (17).  One  pair  of  No.  2  rolls,  22  X  14  inchea,  set  clos^ 
together.     To  (19). 

19.  From  (12),  (13),  (14),  (15),  (16),  (18),  (21),  (22),  (24),  (25),  (26). 
One  No.  1  bucket  elevator.     To  (20). 

20.  One  No.  4  trommel.  Sectional  with  2-  and  5-mm.  round  holes.  Over 
5  mm.  to  (21) ;  through  5  on  2  mm.  to  (22) ;  through  2  mm.  to  (23). 

21.  One  pair  of  No.  3  rolls,  22  X  14  inches,  set  close  together.    To  (19). 

22.  From  (20).  One  pair  of  No.  4  rolls,  22  X  10  inches,  set  close  together. 
To  (19). 

23.  From  (20).  One  No.  2  hydraulic  classifier  with  5  spigots.  Spigots  dis- 
tributed to  (24),  (25)  and  (26) ;  overflow  to  (9). 
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24.  Three  No.  8  jigs.  4-sieve  Harz  jigs.  4th  discharge  to  (19) ;  1st  and  2d 
hutches  to  (30)  ;  3d  and  4th  to  (19) ;  tailings  to  (31). 

25.  From   (23).     One  No.  9  jig.     4-8ieve  Harz  jig.     Products  like   (24). 

26.  From  (23).  One  No.  10  jig.  1st  and  2d  hutches  to  (30) ;  3d  and  4th 
to  (19);  tailings  to  (31). 

27.  From  (9).  Three  3-deck  convex  revolving  slime  tables.  Heads  of  upper 
decks  to  (30);  middlings  to  lower  deck;  tailings  to  (31).  Heads  of  middle 
decks  to  (30)  ;  middlings  to  lower  deck;  tailings  to  (31).  Heads  of  lower  decks 
to  (30) ;  middlings  to  (28) ;  tailings  to  (31). 

28.  One  No.  2  whole  current  box  classifier  with  16  spigots.  1st  to  5th  spigots 
to  No.  1  vanner  (29) ;  6th  to  10th  to  No.  2  vanner  (29) ;  11th  to  13th  to  No.  3 
vanner  (29) ;  14th  to  16th  to  No.  4  vanner  (29) ;  overflow  to  (31). 

29.  Nos.  1  to  4  vanners.  No.  1  and  No.  2  are  6-foot  Frue  vanners.  No.  3 
and  No.  4  are  4-foot  Frue  vanners.     Heads  to  (30) ;  tailings  to  (31). 

30.  From  (10),  (11),  (12),  (13),  (14),  (15),  (16),  (24),  (25),  (26),  (27), 
(29).     Concentrates  bm  holding  50  tons.    To  shipping  car  to  go  to  smelter. 

31.  From  (9),  (10),  (12),  (13),  (14),  (15),  (16),  (24),  (25),  (26),  (27), 
(28),  (29).     Tailings  launder  to  creek. 

The  labor  required  is  13  men  per  24  hours  divided  into  2  shifts :  2  foremen, 

2  breaker  men,  1  rolls  man,  4  jig  men,  2  table  and  vanner  mrn,  2  ore  loaders. 
Wages  range  from  $3  to  $5  per  day.  Board  costs  $1  per  day,  coal  $5  per  ton, 
and  wood  $3.50  per  cord. 

The  mill  is  run  by  water  power,  requiring  173  horse  power. 

Water  is  brought  from  a  creek  by  a  flume  3X3  feet,  with  a  fall  of  1  inch  in 
100  feet. 

The  mill  has  been  recently  improved  by  changing  the  sieve  scale  somewhat,  in- 
creasing the  number  of  jigs  and  vanners  and  rearranging  some  of  the  machines. 
The  present  scheme  is  as  follows: 

Helena  and  Frisco  Mining  Company's  Rearranged  MilU'^^ 

Capacity  600  tons  in  24  hours.  The  ore  comes  from  the  mine  in  cars  which 
are  weighed  and  dumped  into  (1). 

1.  No.  1  bin  holding  60  car  loads.     To  (2). 

2.  Two  grizzlies.  Oversize,  from  which  wood,  spikes,  broken  hammers,  candle 
hooks,  etc.,  are  picked  out  by  hand,  to  (3) ;  undersize  to  (4). 

3.  Two  No.  1  Blake  breakers,  one  10  X  20  inches,  the  other  10  X  15  inches 
used  for  emergency,  crushing  to  1  or  IJ  inches.    To  (4). 

4.  From  (2)  and  (3).     No.  2  bin.     By  Tulloch  feeder  to  (5). 

6.  One  pair  of  No.  1  rolls,  30  X  15  inches,  set  |  inch  apart.     To  (6). 

6.  From  (5)  and  (17).  One  No.  1  tronmiel.  Sectional  with  10-  and  16-mm. 
round  holes.  Over  15  mnu  to  (12) ;  through  16  on  10  mm.  to  (13)  ;  through 
10  mm.  to  (7). 

7.  Two  No.  2  trommels.  Sectional  with  3,  5  and  7-mm.  round  holes.  Over 
7  mm.  to  (14) ;  through  7  on  5  mm.  to  (15) ;  through  5  on  3  mm.  to  (8)  ;  through 

3  mm.  to  (8). 

8.  One  No.  1  hydraulic  classifier  with  5  spigots.  1st  spigot  to  (18)  ;  2d  to 
(19) ;  3d  to  (20) ;  4th  to  (21) ;  5th  to  (22)  ;  overflow  to  (9). 

9.  From  (8),  (29)  and  (35).  One  No.  1  box  classifier.  Three  tanks,  one 
above  another.  Upper  tank  is  fed  from  (8)  and  (29)  ;  middle  tank  is  fed  with 
half  of  the  spigots  of  the  upper  tank;  the  lower  tank  is  fed  from  (35).  Spigots 
of  upper  tank  go  half  to  upper  decks  of  (35)  and  half  to  middle  tank;  overflow 
to  (10).  Spigots  of  middle  tank  to  middle  decks  of  (35) ;  overflow,  none. 
Spigots  of  lower  tank  to  lower  decks  of  (35) ;  overflow,  none. 
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10.  One  No.  2  box  classifier  in  two  parts.  Earlier  spigots  to  (37)  ;  later 
spigots  to  (11) ;  overflow  to  (42). 

11.  From  (10)  and  (37).  One  No.  3  box  classifierr.  Spigots  to  (38)  ;  over- 
flow to  (42). 

12.  From  (6).  One  No.  1  jig.  A  3-sieve  Harz  jig.  Heads  to  (16)  ;  tailings 
to  (42). 

13.  From  (6).  Four  No.  2  jigs.  4-6ieve  Harz  jigs.  Ist  and  2d  discharges 
to  (39) ;  3d  and  4th  to  (16)  ;  all  4  hutches  to  (16) ;  tailings  to  (42). 

14.  From  (7).     Two  No.  3  jigs.    4-sieve  Harz  jigs.     Products  like  (13). 

15.  From  (7).  Two  No.  4  jigs.  4-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (39) ;  3d  and  4th  to  (16) ;  1st  and  2d  hutches  to  (39)  ;  3d  and  4th  to  (16)  ; 
tailings  to  (42). 

16.  From  (12),  (13),  (14),  (15).  One  No.  1  bucket  elevator.  To  (17). 
Overflow  of  elevator  well  to  (41). 

17.  One  pair  of  No.  2  rolls,  36  X  14  inches.     To  (6). 

18.  From  (8).  Two  No.  5  jigs.  4-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (39) ;  3d  and  4th  to  (23) ;  1st  and  2d  hutches  to  (39)  ;  3d  and  4th  to  (23) ; 
tailings  to  (42). 

19.  From  (8).  Two  No.  6  jigs.  4-sieve  Harz  jigs.  3d  and  4th  discharges 
to  (23) ;  1st  and  2d  hutches  to  (39) ;  3d  and  4th  to  (23) ;  tailings  to  (42). 

20.  From  (8).  Two  No.  7  jigs.  4-sieve  Harz  jigs.  4th  discharge  to  (23) ; 
1st  and  2d  hutches  to  (39) ;  3d  and  4th  to  (23) ;  tailings  to  (42). 

21.  From  (8).     One  No.  8  jig.     4-sieve  Harz  jig.     Products  like  (20). 

22.  From  (8).  One  No.  9  jig.  4-sieve  Harz  jig.  1st  and  2d  hutches  to 
(39) ;  3d  and  4th  to  (23) ;  tailings  to  (42). 

23.  From  (18),  (19),  (20),  (21),  (22),  (30),  (31),  (32),  (33),  (34).  Na 
1  un watering  box.     Spigot  to  (25) ;  overflow  to  (24). 

24.  No.  1  settling  tank  with  4  spigots.     Spigots  to  (25) ;  overflow  to  (41). 

25.  From  (23)  and  (24).     One  No.  2  bucket  elevator.     By  distributor  to  (26). 

26.  Two  pairs  of  No.  3  rolls,  30  X  14  inches.     To  (27). 

27.  From  (26)  and  (28).  One  No.  3  trommel  with  3-mm.  round  holes. 
Oversize  bv  No.  3  bucket  elevator  to  (28) ;  undersize  to  (29). 

28.  One  pair  of  No.  4  rolls,  24  X  14  inches.     To  (27). 

29.  From  (27).  Two  No.  2  hydraulic  classifiers  with  5  spigots  each.  1st 
spigot  to  (30) ;  2d  to  (31)  ;  3d  to  (32) ;  4th  to  (33) ;  5th  to  (34) ;  overflow 
to  (9). 

30.  Two  No.  10  jigs.  4-eieve  Harz  jigs.  4th  discharge  to  (23) ;  1st,  2d, 
3d  and  4th  hutches  to  (39) ;  4th  hutch  to  (23) ;  tailings  (water  only)  to  (42). 

31.  From  (29).     Two  No.  11  jigs.     4-sieve  Harz  jigs.     Products  like  (30). 

32.  From  (29).  Two  No.  12  jigs.  4-sieve  Harz  jigs.  4th  discharge  to  (23)  ; 
1st  and  2d  hutches  to  (39) ;  3d  and  4th  to  (23) ;  tailings  (water  only)  to  (42). 

33.  From  (29).     One  No.  13  jig.     4-sieve  Harz  jig.     Products  like  (32). 

34.  From  (29).     One  No.  14  jig.     4-sieve  Harz  jig.     Products  like  (3S). 

35.  From  (9).  Three  3-deck  convex  revolving  slime  tables.  Heads  of  upper 
and  middle  decks  to  (40) ;  middlings  to  (9)  ;  tailings  to  (42).  Heads  of  lower 
deck  to  (40) ;  middlings  by  No.  4  bucket  elevator  to  (36) ;  tailings  to  (42). 

36.  One  No.  4  box  classifier.     Spigots  to  (37) ;  overflow  to  (42). 

37.  From  (10)  and  (36).  Ten  6-foot  Frue  vanners.  Five  treat  stuff  from 
(10)  and  five  from  (36).     Heads  to  (40)  ;  tailings  to  (11). 

38.  From  (11).  Four  6-foot  and  one  4-foot  Frue  vanners.  Heads  wheeled 
to  concentrates  pile  to  be  shipped  to  smelter;  tailings  to  (42). 

39.  From  (13),  (14),  (15),  (18),  (19),  (20),  (21),  (22),  (30),  (31),  (32), 
(33),  (34).  Two  No.  2  settling  tanks  for  jig  concentrates,  used  alternately. 
Settlings  to  shipping  car  to  go  to  smelter;  overflow  to  (41). 
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40.  From  (36),  (37).  Two  No.  3  settling  tanks,  for  table  and  vanner  con- 
ct'iitrates,  used  alternately.     Products  like  (39). 

41.  From  (16),  (24),  (39)  and  (40).  No.  4  settling  tank.  Settlings  to 
concentrates  pile  to  be  shipped  to  smelter;  overflow  to  (42). 

42.  From  (10),  (11),  (12),  (13),  (14),  (15),  (18),  (19),  (20),  (21),  (22), 
<30),  (31),  (32),  (33),  (34),  (35),  (36),  (38),  (41).  Tailings  launder  to 
waste. 

The  power  is  furnished  by  two  Pelton  wheels  and  a  turbine  using  water  from 
a  G-ineh  pipe.  One  Pelton  wheel  drives  the  breakers.  No.  1  and  No.  2  rolls, 
No.  1  and  No.  2  trommels.  No.  1  elevator  and  Nos.  1  to  4  jigs ;  the  other  Pelton 
drives  the  fine  jigging  portion  including  Nos.  8  to  14  jigs;  the  turbine  drives  the 
vanners  and  tables.  A  steam  engine  is  used  to  help  when  water  is  low  from  Sep- 
tember to  March. 

The  vanner  concentrates  contain  60  to  60%  lead,  the  vanner  tailings  contain 
about  1|%  lead. 

It  is  intended  to  install  3  Huntington  mills  for  regrinding  the  fine  jig  mid- 
dlings. They  are  also  experimenting  on  Hallett  tables  in  the  place  of  the  slime 
tables.  In  some  other  mills  of  this  district,  Wilfley  tables  are  used  between  the 
Blime  tables  and  vanners.  In  this  mill,  however,  Wilfleys  have  been  tried  and 
discarded,  it  having  been  found  preferable  to  use  more  vanners. 

§  691.  Mill  No.  33.  Last  Chance  Mill,  Wardner,  Idaho. — Capacity  76 
tons  per  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The 
ore  consists  of  the  economic  mineral  argentiferous  galena  in  coarse  and  fine 
crystallization,  and  a  gangue  of  quartz.  The  problem  is  to  save  the  silver  and 
lead.     The  ore  comes  down  a  gravity  incline  to  (1). 

1.  Receiving  bin,  holding  100  tons.     By  gate  and  chute  to  (2). 

2.  One  No.  1  Blake  breaker,  7  X  11  inches.     To  (3). 

3.  From  (2)  and  (4).  One  pair  of  No.  1  rolls,  30  X  16  inches.  By  No.  1 
bucket  elevator  to  (4). 

4.  One  No.  1  trommel.  Sectional  with  7.9  and  12.7-mm.  round  holes.  Over 
12.7  mm.  to  (3) ;  through  12.7  on  7.9  mm.  to  (10) ;  through  7.9  mm.  to  (6). 

5.  From  (4)  and  (16).  One  No.  2  trommel.  Sectional  with  3.3  and  6.1-mm. 
round  holes.  Over  6.1  mm.  to  (11) ;  through  6.1  on  3.3  to  (12) ;  through 
3.3  mm.  to  (6). 

6.  Two  No.  1  hydraulic  classifiers  with  3  spigots  each.  1st  spigots  to  (13) ; 
2d  spigots  to  (14)  ;  3d  spigots  not  used;  overflow  to  (7). 

7.  One  No.  1  surface  current  box  classifier  with  6  spigots.  1st  spigot  to  (9)  ; 
other  spigots  not  used;  overflow  to  (8). 

8.  One  No.  2  surface  current  box  classifier  with  8  spigots.  Three  spigots  to 
(9)  ;  five  spigots  not  used;  overflow  to  (18). 

9.  Prom  (7)  and  (8).  One  No.  1  distributing  tank  with  2  spigots.  Spigots 
to  upper  decks  of  (16). 

10.  From  (4).  One  No.  1  jig.  A  3-sieve  Harz  jig.  1st  and  2d  discharges 
to  (17) ;  3d  to  (16) ;  1st  and  2d  hutches  to  (17) ;  3d  to  (16) ;  tailings  to  (18). 

11.  From  (6).    Two  No.  2  jigs.     3-8ieve  Harz  jigs.     Products  like  (10). 

12.  From  (6).     Two  No.  3  jigs.     3-sieve  Harz  jigs.     Products  like  (10). 

13.  From  (6).  Two  No.  4  jigs.  4-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (17) ;  3d  not  used;  4ih  to  (16) ;  1st  and  2d  hutches  to  (17) ;  3d  and  4th  to 
(15)  ;  tailings  to  (18). 

14.  From  (6).  Two  No.  6  jigs.  4-sieve  Harz  jigs.  1st  and  2d  hutches  to 
(17)  ;  3d  and  4th  to  (16) ;  tailings  to  (18). 

15.  From  (10),  (11),  (12),  (13),  (14).  One  pair  of  No.  2  rolls,  20X10 
inches,  set  close  together.    By  No.  2  bucket  elevator  to  (6). 

16.  From   (9).     Two  2-deck  convex  revolving  slime  tables,  only  one  used. 
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Heads  of  tipper  deck  to  lower  deck;  tailings  to  (18).    Heads  of  lower  deck  to 
(17);  tailings  to  (18). 

17.  From  (10),  (11),  (12),  (13),  (14),  (16).  Concentrates  are  wheeled  to 
concentrates  bins  and  thence  shipped  to  smelter. 

18.  From  (8),  (10),  (11),  (12),  (13),  (14),  (16).  Tailings  Jaimder  to 
waste. 

The  mill  saves  about  75  or  80%  of  the  lead  and  silver  in  the  ore. 

§  692.  Mill  No.  34.  Morning  Mining  Company,  Mullan,  Idaho. — (See 
Figs.  615a  and  5156.) — Capacity  300  tons  in  24  hours.  The  mill  runs  24  hour= 
per  day,  7  days  per  week.  The  ore  consists  of  the  economic  minerals  argentif- 
erous galena  mostly  finely  disseminated,  pyrite  and  blende  and  a  gangue  of  mas- 
sive siderite  with  some  quartz.  The  problem  is  to  save  the  silver  and  lead  with- 
out the  zinc.  The  ore  is  brought  by  a  mine  tramway  1,800  feet  in  cars  holding 
2 J  to  3  tons,  and  then  by  railroad  3  miles  in  cars  holding  10  tons  to  (1). 

1.  No.  1  or  receiving  bin  holding  1,000  tons.  By  gates  and  chutes  to  tram  car 
holding  IJ  tons,  and  thence  150  feet  to  (2). 

2.  Two  grizzlies  with  l^-inch  spaces.     Oversize  to  (3) ;  undereize  to  (4). 

3.  Two  No.  1  breakers.  Gates  No.  3,  crushing  to  1\  inches.     To  (4). 

4.  From  (2)  and  (3).  Two  No.  2  bins  holding  300  tons  each.  By  two  Tul- 
loch  feeders  to  (5). 

5.  Two  pairs  of  No.  1  rolls,  30  X  14  inches.     To  (6). 

6.  From  (5)  and  (8).     Two  No.  1  bucket  elevators.     To  (7). 

7.  Two  No.  1  trommels  with  15-mm.  round  holes.  Oversize  to  (8)  ;  xmder- 
size  to  (9). 

8.  From  (7)  and  (23).     Two  pairs  of  No.  2  rolls,  30  X  14  inches.    To  (6). 

9.  From  (7),  Two  No.  2  trommels.  Each  sectional  with  11  and  13-mm. 
round  holes.  Over  13  mm.  to  (14)  ;  through  13  on  11  mm.  to  (15) ;  through 
11  mm.  to  (10). 

10.  Two  No.  3  trommels.  Each  sectional  with  7  and  9-mm.  round  holes. 
Over  9  mm.  to  (16) ;  through  9  on  7  mm.  to  (17) ;  through  7  mm.  to  (11). 

11.  Two  No.  4  trommels.  Each  sectional  with  3  and  5-mm.  round  holes.  Over 
5  mm.  to  (18) ;  through  5  on  3  mm.  to  (19) ;  through  3  mm.  to  (12). 

12.  From  (11)  and  (25).  Four  No.  1  hydraulic  classifiers  with  5  spigots 
each.  1st  spigot  to  (20) ;  2d  and  3d  to  (21) ;  4th  and  5th  to  (22) ;  overflow 
to  (13). 

13.  One  No.  1  distributing  tank  with  36  spigots.  Nine  spigots  to  each  of  tho 
four  upper  decks  of  (27) ;  overflow  to  (32). 

14.  From  (9).  Four  No.  1  jigs.  3-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (30) ;  3d  to  (23) ;  hutches  to  (23)  ;  tailings  to  (32). 

15.  From  (9).     Four  No.  2  jigs.     3-sieve  Harz  jigs.     Products  like  (14). 

16.  From  (10).  Four  No.  3  jigs.  3-sieve  Harz  jigs.  1st  and  2d  discharge? 
to  (30) ;  3d  to  (24)  ;  hutches  to  (24) ;  tailings  to  (32). 

17.  From  (10).     Four  No.  4  jigs.     3-sieve  Harz  jigs.     Products  like  (16). 

18.  From  (11).     Two  No.  5  jigs.    4-sieve  Harz  jigs.     1st,  2d  and  3d  dis 
charges  to  (30) ;  4th  to  (24) ;  hutches  to  (24)  ;  tailing  to  (32). 

19.  From  (11).  Two  No.  6  jigs.  4-sieve  Harz  jigs.  1st,  2d  and  3d  dis- 
charges to  (30) ;  4th  to  (24) ;  Ist,  2d  and  3d  hutches  to  (30) ;  4th  to  (24)  : 
tailings  to  (32). 

20.  From  (12).     Four  No.  7  jigs.    4-sieve  Harz  jigs.    Products  like  (19). 

21.  From  (12).     Four  No.  8  jigs.    4-8ieve  Harz  jigs.    Products  like  (19). 

22.  From  (12).     Four  No.  9  jigs.     4-8ieve  Harz  jigs.    Products  like  (19). 

23.  From  (14)  and  (15).    Two  No.  2  bucket  elevators.     To  (8). 

24.  From  (16),  (17),  (18),  (19),  (20),  (21),  (22),  (26).  Two  No.  3 
bucket  elevators.    To  (25). 
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25.  Two  No.  5  trommels  with  3-mm.  round  holes.  Oversize  to  (26) ;  under- 
size  to  (12). 

26.  Two  pairs  of  No.  3  rolls,  30  X  14  inches.    To  (24). 

27.  From  (13).  Four  2-deck  convex  revolving  slime  tables.  Heads  of  upper 
docks  to  (30);  middlings  to  lower  decks;  tailings  to  (32).  Heads  of  lower 
decks  to  (30)  ;  middlings  to  (28)  ;  tailings  to  (32). 

28.  One  No.  2  distributing  tank  with  40  spigots.  Spigots  to  (29) ;  overflow 
to  (32). 

29.  Seven  4-foot  Frue  vanners.     Heads  to   (30) ;  tailings  to  (32). 

30.  From  (14),  (16),  (16),  (17),  (18),  (19),  (20),  (21),  (22),  (27),  (29). 
Ten  No.  1  settling  tanks  for  concentrates,  holding  150  tons  total.  Settlings 
wlu»eled  to  railroad  cars  to  go  to  smelter;  overflow  to  (31). 

31.  One  No.  2  settling  tank.  Settlings  wheeled  to  railroad  cars  to  go  to 
smelter;  overflow  to  (32). 

32.  From  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (20),  (21),  (22),  (27), 
(28),  (29),  (31).     Waste  launder  to  creek. 

This  mill  is  divided  into  two  halves  which  may  be  run  together  or  inde- 
pendently. 

The  mill  requires  14  men  per  24  hours,  divided  into  2  shifts  of  12  hours  each : 
2  foremen,  4  jig  men,  2  table  and  vanner  men,  2  breaker  men,  2  trammers,  1 
machinist  and  1  assayer.  Board  costs  $30  per  month,  coal  costs  $7.25  per  ton, 
and  wood  costs  $3.50  per  cord. 

Power  is  furnished  by  water  coming  through  two  ditches  IJ  miles  long  and  a 
pipe  10  inches  in  diameter,  3,700  feet  long,  giving  a  head  of  900  feet.  This  runs 
four  Pelton  wheels.  Two  of  them  are  6  feet  in  diameter,  have  J-inch  nozzles 
and  each  drives  one-half  the  mill,  being  rated  at  60  horse  power  apiece.  The 
third  is  3  feet  in  diameter  with  ^-inch  nozzle,  rated  at  30  horse  power,  and  drives 
the  two  rock  breakers.     The  fourth  runs  a  dynamo  with  a  capicty  of  75  lights. 

The  water  for  the  mill  is  partly  the  waste  from  the  Pelton  wheels  delivered 
at  the  level  of  No.  1  trommel,  and  is  partly  taken  direct. 

The  crude  ore  contains  6  to  12%  lead  and  3  to  5  ounces  silver  per  ton.  The 
concentrates  contain  55  to  58%  lead  and  16  to  20  ounces  silver.  The  tailings 
contain  \\  to  2^%  lead  and  IJ  to  3  ounces  silver.  One  hundred  tons  of  ore 
yield  about  12  tons  of  concentrates  and  88  tons  of  tailings.  The  mill  saves 
about  75%  of  the  lead  and  50%  of  the  silver. 

§693.  Mill  No.  35.  Union  Mill  of  the  Standard  Mining  Company, 
Wallace,  Idaho. — Capacity  250  to  300  tons  per  24  hours.  The  mill  runs  24 
hours  per  day,  7  days  per  week.  The  ore  consists  of  the  economic  minerals 
argentiferous  galena,  pyrite  and  blende  and  a  gangue  of  slate  and  quartz.  The 
problem  is  to  save  the  lead  and  silver  without  the  zinc.  The  ore  is  hand 
picked  at  the  mine  into  two  classes:  shipping  ore  (about  100  tons  per  day) 
which  goes  to  smelter,  and  concentrating  ore  (about  250  to  300  tons  per  day) 
which  is  hauled  7  miles  in  automatic  side  discharge  railroad  cars,  holding 
io  tons  each,  to  (1). 

1.  No.  1  or  receiving  bins  with  bottom  sloping  45°.  By  11  gates  and  chutes 
and  thence  by  end  dumping  car,  holding  2,000  pounds,  up  an  incline  to  (2). 

2.  One  grizzly  with  1-inch  spaces.     Oversize  to  (3) ;  undersize  to  (4). 

3.  One  No.  1  breaker,  a  Gates  No.  3,  crushing  to  1  inch.     To  (4). 

4.  Prom  (2)  and  (3).  One  No.  2  bin,  holding  125  tons.  By  TuUoch  feeder 
to  (5). 

5.  One  pair  of  No.  1  rolls,  26  X  16  inches,  set  \  inch  apart.  By  No.  1 
bucket  elevator  to  (6). 

6.  One  No.  1  trommel  with  16-mm.  round  holes.  Oversize  to  (12) ;  under- 
size to  (7). 
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7.  One  No.  2  trommel  with  9-miii.  round  holes.  Oversize  to  (13)  ;  nndersize 
to  (8). 

8.  One  No.  3  trommel  with  5-mm.  round  hole&  Oversize  to  (14) ;  under- 
size  to  (9). 

9.  One  No.  4  trommel  with  3-mm.  round  holes.  Oversize  to  (15)  ;  under- 
size  to  (10). 

10.  Two  No.  1  hydraulic  classifiers,  each  with  four  spigots.  Ist  spigot  to 
(16) ;  2d  to  (17) ;  3d  to  (18) ;  4th  to  (19) ;  overflow  to  (11). 

11.  Prom  (10)  and  (24).  One  No.  1  whole  current  box  classifier  with  24 
spigots.  Nos.  1  to  6  spigots  to  upper  deck  of  (28) ;  Nos.  7  to  12  to  (29) : 
Nos.  13  to  15  to  No.  1  vanner  (30) ;  Nos.  16  to  18  to  No.  2  vanner  (30)  ;  X»^- 
19  to  21  to  No.  3  vanner  (30) ;  Nos.  22  to  24  to  No.  4  vanner  (30)  ;  overflow 
to  (36). 

12.  Prom  (6).  Two  No.  1  jigs.  3-sieve  Harz  jigs.  1st  and  2d  dischargi^ 
to  (31) ;  3d  to  (20) ;  Ist  hutch  to  (31) ;  2d  and  3d  to  (20) ;  tailings  to  (36). 

13.  From  (7).     Two  No.  2  jigs.     3-sieve  Harz  jigs.     Products  like  (12). 

14.  From  (8).     Two  No.  3  jigs.     3-8ieve  Harz  jigs.     Products  like  (12). 

15.  From  (9).  Two  No.  4  jigs.  3-sieve  Harz  jigs.  1st  and  2d  discharj^e^ 
to  (31)  ;  3d  to  (20) ;  1st  and  2d  hutches  to  (31)  ;  3d  to  (20) ;  tailings  to  (3r»). 

16.  From  (10).  Two  No.  5  jigs.  2-8ieve  Collom  jigs.  1st  discharge  t«» 
(31)  ;  2d  to  (20) ;  1st  "hutch  to  (31)  ;  2d  to  (20)  ;  tailings  to  (36). 

17.  From  (10).     Two  No.  6  jigs.     2-sieve  Collom  jigs.     Products  like  (16>. 

18.  From  (10).  Two  No.  7  jigs.  2-sieve  Collom  jigs.  1st  hutch  to  (31)  . 
2d  to  (20) ;  tailings  to  (36). 

19.  From  (10).     Two  No.  8  jigs.     2-sieve  Collom  jigs.     Products  like  (IS) 

20.  From  (12),  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (25),  (26),  (ST) 
One  No.  1  un watering  box.     Spigot  to  (21) ;  overflow  to  (36). 

21.  From  (20)  and  (23).  Two  pairs  of  No.  2  rolls,  26X15  inches,  sci 
close  together.     To   (22). 

22.  From   (21),  (28),  (29).     One  No.  2  bucket  elevator.     To  (23). 

23.  One  No.  5  trommel  with  2i-mm,  round  holes.  Oversize  to  (21)  ;  under- 
size  to  (24). 

24.  One  No.  2  hydraulic  classifier  with  3  spigots.  1st  spigot  to  (25)  ;  2d  to 
(26)  ;  3d  to  (27)  ;  overflow  to  (11). 

25.  Two  No.  9  jigs.  3-sieve  Harz  jigs.  3d  discharge  to  (20) ;  1st  and  2d 
hutches  to   (31);  3d  to   (20);  tailings  to   (36). 

26.  From  (24).     One  No.  10  jig.     3-sieve  Harz  jig.     Products  like  C25). 

27.  From  (24).     One  No.  IT  jig.     3-sieve  Harz  jig.     Products  like  (25). 

28.  From  (11).  One  No.  1  convex  revolving  slime  table  with  2  deck?. 
Heads  of  upper  deck  to  (33) ;  middlings  to  lower  deck;  tailings  to  (36).  Heads 
of  lower  deck  to  (33)  ;  middlings  to  (22) ;  tailings  to  (36). 

29.  From  (11).  One  No.  2  convex  revolving  slime  table  with  2  decks. 
Upper  deck  not  used.  Heads  of  lower  deck  to  (33) ;  middlings  to  (22) ;  tailing- 
to  (36). 

30.  From  (11).  Nos.  1  to  4  vanners.  4-foot  Frue  vanners.  Heads  to  (32) ; 
tailings  to  (36). 

31.  From  (12),  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (25),  (26^.  (27). 
No.  1  and  No.  2  settling  tanks  for  jig  concentrates.  Settlings  to  shipping  ear 
to  go  to  smelter;  overflow  to  (34). 

32.  From  (30).  No.  3  and  4  settling  tanks  for  vannefr  concentrates.  Products 
like  (31). 

33.  From  (28)  and  (29).  No.  6  settling  tank  for  slime  table  concentrates. 
Products  like  (31). 
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34.  From  (31),  (32),  (33).  One  No.  6  settling  tank.  Settlings  to  shipping 
car  to  go  to  smelter;  overflow  to  (35). 

35.  One  No.  7  settling  tank.  Settlings  to  shipping  car  to  go  to  smelter; 
overflow  to  (36). 

36.  From  (11),  (12),  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (20),  (25), 
(26),  (27),  (28),  (29),  (30),  (35).     Tailings  launder  to  waste. 

The  labor  required  is  14  men  per  24  hours  divided  into  two  shifts  of  12  hours 
each:  1  foreman,  2  breaker  men,  4  jig  men,  2  vanner  men  and  5  others.  Wages 
range  from  $3.50  to  $5  per  day.  Board  costs  $30  per  month ;  wood'  costs  $3.70 
I>er  cord. 

Power  is  furnished  by  water  taken  from  the  flume  under  a  head  of  80  fe€ft 
by  a  pipe  30  inches  diameter  for  100  feet  of  length  and  24  inches  diameter  for 
20  feet.  A  14-inch  valve  regulates  the  supply.  This  drives  a  Pelton  wheel, 
6  feet  diameter,  with  two  nozzles  one  4  inches  diameter  and  one  4^  inches 
diameter,  making  120  revolutions  per  minute,  and  developing  110  horse  power. 
This  runs  the  whole  mill  by  a  7i-foot  pulley  and  20-inch  belt.  A  6-inch  branch 
pipe  from  the  24-inch  pipe  runs  a  second  Pelton  wheel  4  feet  diameter  with  a 
2-inch  nozzle,  and  developing  10  horse  power.  This  runs  the  dynamo  which 
makc^  1,600  revolutions  per  minute,  generates  about  100  amperes  at  110  volts, 
and  has  a  capacity  of  100  lights. 

Water  is  brought  11,360  feet  from  a  creek  by  a  flume  4  feet  wide,  3  feet  deep, 
and  having  a  fall  of  2^  inches  in  100  feet.  The  water  for  washing  is  taken 
from  the  flume  with  30  feet  fall.  The  total  water  carried  by  the  flume  for 
power  and  washing  is  187  miner's  inches.  If  we  assume  a  miner's  inch  to  be 
1.5  cubic  feet  or  11.22  gallons  per  minute,  then  this  is  equivalent  to  2,098  gal- 
lons per  minute. 

The  ore  coming  to  the  mill  contains  12  to  16%  lead,  and  17  to  23  ounces  silver 
per  ton.  The  concentrates  contain  61  to  65%  lead  and  75  to  86  ounces  silver. 
The  tailings  contain  1^  to  2%  lead  and  4  to  7  ounces  silver  per  ton.  One  hun- 
dred tons  of  ore  yield  20  tons  of  concentrates  and  80  tons  of  tailings.  The  mill 
saves  90%  of  the  lead  and  78%  of  the  silver.  The  total  shipments  to  the 
smelter  in  1898  were  15,350  tons. 

This  mill  has  been  somewhat  changed  since  the  author's  visit,  and  is  now  said 
to  treat  300  to  400  tons  per  day.'®*  The  car  in  (1)  has  been  replaced  by  a 
belt  conveyor.  A  Gates  breaker  No.  5  has  been  substituted  for  the  Gates  No.  3. 
The  trommels  (6)  to  (9)  now  have  15,  10,  7  and  3-mm.  holes.  The  fine  concen- 
trators now  include  the  slime  tables  (28)  and  (29),  then  two  Wilfley  tables,  a 
Hallett  table,  three  of  the  four  Frue  vanners  (30),  and  flnally  52  stationary 
rectangular  inclined  canvas  tables.  The  heads  of  these  canvas  tables  are  further 
concentrated  on  a  Wilfley  table.  A  tailings  plant  has  been  installed  consisting 
of  a  Huntington  mill  for  crushing  and  four  Wilfley  tables  for  concentrating  the 
pulp  from  the  Huntington.  The  tailings  plant  is  driven  by  a  Pelton  wheel  30 
inches  diameter  with  five  square  nozzles  under  a  head  of  35  feet. 

Owing  to  the  slaty  gangue  which  has  a  tendency  to  be  ground  to  clay,  the 
crashing  is  done  dry  as  far  as  possible. 

§  694.  Mill  No.  36.  Stem  Winder,  Kellogo,  Idaho. — Capacity  75  tons 
in  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  ore  con- 
jjists  of  the  economic  mineral  argentiferous  galena  and  a  gangue  of  quartz.  The 
problem  is  to  save  the  lead  and  silver.  The  ore  is  brought  by  a  wire  rope  tram- 
way to  (1). 

1.  Grizzly  with  l^-inch  spaces.     Oversize  to  (2) ;  undersize  to  (3). 

2.  One  No.  1  Blake  breaker,  7  X  12  inches.     To  (3). 

3.  From  (1)  and  (2).    No.  1  bin.     By  sliding  block  feeder  to  (4). 

4.  One  pair  of  No.  1  rolls,  24  X  14  inches.    To  (5). 
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5.  Prom  (4)  and  (7).    One  No.  1  bucket  elevator.    To  (6). 

6.  One  No.  1  trammel  with  12.7-mm.  roimd  holes.    Oversize  \x>  (7)  ;  1mde^ 
size  to  (8). 


B.&  Track- 


FIG.   516a. — ^PLAN 

7.  From  (6)  and  (13).     One  pair  of  No.  2  rolls,  20  X  10  inches.     To  (5). 

8.  From  (6).    One  No.  2  trommel  with  7.9-nmi.  round  holes.    Oversize  to 
(13) ;  undersize  to  (9). 
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9.  From  (8)  and  (19).  One  No.  3  trommel  with  6.1-mm.  round  holes. 
Oversize  to  (14);  undersize  to  (10). 

10.  One  No.  4  trommel  with  3.3-mm.  round  holes*  Oversize  to  (15) :  under- 
size to  (11). 

11.  One  No.  1  hydraulic  classifier  with  3  spigots.  1st  spigot  to  (16)  ;  2d  to 
(17)  ;  3d  spigot  and  overflow  to  (12). 

12.  One  No.  1  surface  current  box  classifier  with  two  spigots.  1st  spigot 
either  to  (20)  or  (21) ;  2d  to  (22) ;  overflow  to  (24). 

13.  From  (8).  Two  No.  1  jigs.  2-sieve  Harz  jigs.  1st  discharge  to  (23) ; 
2d  to  (7) ;  1st  hutch  to  (23) ;  2d  to  (7) ;  tailings  to  (24). 

14.  From  (9).  Two  No.  2  jigs.  4-8ieve  Harz  jigs.  Ist  and  2d<  discharges  to 
(23) ;  3d  and  4th  to  (18) ;  1st  and  2d  hutches  to  (23) ;  3d  and  4th  to  (18) ; 
tailing  to  (24). 

15.  From  (10).     Two  No.  3  jigs.     4-8ieve  Harz  jigs.     Products  like  (14). 

16.  From  (11).  Two  No.  4  jigs.  4-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (23) ;  4th  to  (18) ;  1st  and  2d  hutches  to  (23) ;  3d  and  4th  to  (18) ;  tailings 
to  (24). 

17.  From  (11).  Two  No.  5  jigs.  4-sieve  Harz  jigs.  1st  and  2d  hutches  to 
(23) ;  3d  and.  4th  to  (18)  ;  tailings  to  (24). 

18.  From  (14),  (15),  (16),  (17).     One  No.  2  bucket  elevator.    To  (19). 

19.  One  pair  of  No.  3  rolls,  20  X  10  inches.    To  (9). 

20.  From  (12).  One  convex  revolving  slime  table.  Heads  to  (21)  ;  tailings 
to  (24). 

21.  From  (12)  or  (20).  One  No.  1  vanner.  A  4-foot  Frue  vanner.  Heads 
to  (23)  ;  tailings  to  (24). 


3-SBn 


'1 


•*r ^10-  —*j* — ^10^  —>[< — 10^  -  -4* — m-  --* 


OP  MILL  37. 

22.  From  (12).    One  No.  2  vanner.    A  4-foot  Frue  vanner.    Heads  to  (23) ; 
tailings  to  (24). 
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23.  From  (13),  (14),  (15),  (16),  (17),  (21),  (22).  Concentrates  Mns. 
Shipped  to  smelter. 

24.  From  (12),  (13),  (14),  (15),  (16),  (17),  (20),  (21),  (22).  Tailings 
launder  to  waste. 

§  695.  Mill  No.  37.  Buffalo  Hump  Mining  Company,  Tioeb  &  Poormak 
Branch,  Burke,  Idaho. — The  mill  as  originally  designed  is  shown  in  Figs.  516a- 
516^.  Some  changes  have  been  made,  as  will  be  seen  by  the  outline.  Capacity 
550  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  ore 
consists  of  the  economic  minerals  argentiferous  galena  and  blende  and  a  gangue 
of  quartz.    The  problem  is  to  save  the  silver  and  lead.     First  and  second  cla^s 


fig.    5166. — ^ELEVATIOX 

ore  are  hoisted  separately  from  the  mine  and  brought  to  the  mill  in  cars,  the  first 
class  going  to  (1),  and  the  second  class  to  (5). 

1.  Picking  tables.     Smelting  ore  to  (2) ;  residue  to  (3). 

2.  No.  1  or  shipping  ore  bin.     To  smelter. 

3.  From  (1).     No.  2  or  concentrating  ore  bins.     To  (4). 

4.  Two  No.  1  breakers,  one  Comet  C,  and  one  9  X  15-inch  Blake,  crushing  to 
1|  inches.    IBy  inclined  conveyor  to  (6). 

T).  One  No.  2  breaker,  a  Gates  No.  6,  for  second  class  ore,  crushing  to  1 J  inches. 
To  (6). 

6.  From  (4)  and  (5).     No.  3  or  supply  bins.     By  feeder  to  (7). 

7.  From  (6)  and  (9).     One  pair  of  No.  1  rolls,  26  X  15  inches,  set  }  inch 
apart.     To  (8). 
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8.  From  (7),  (27)  and  (28).     One  No.  1  bucket  elevator.     To  (9). 

9.  One  No.  1  trommel^  with  26-mm.  round  holes.    Oversize  to  (7) ;  undersize 
to  (10). 

10.  One  No.  2  trommel  with  20-mm.  holes.    Oversize  to  (18) ;  undersize  to 

(11). 

11.  One  No.  3  trommel,  with  12-mm.  holes.    Oversize  to  (19) ;  undersize  to 
(12). 

12.  One  No.  4  trommel,  with  10-mm.  holes.    Oversize  to  (20) ;  undersize  to 
(13). 

13.  One  No.  5  trommel,  with  6-mm.  holes.    Oversize  to  (21) ;  undiersize  to 
(14). 

14.  One  No.  6  trommel,  vrith  4-mm.  holes.    Oversize  to  (22) ;  undersize  to 
(15). 

15.  Two  No.  1  hydraulic  classifiers  with  4  spigots  each.     Ist  spigot  to  (23) ;  2d 
to  (24)  ;  3d  to  (25)  ;  4th  to  (26) ;  overflow  to  (16). 

16.  Prom  (15)  and  (32).     Two  No.  1  box  classifiers  with  two  spigots  each. 
let  spigot  to  (38) ;  2d  to  (39)  ;  overflow  to  (17). 

17.  From  (16)  and  (40).    No.  2  box  classifier.    Spigot  to  (41)  ;  overflow  to 
(44). 

18.  From  (10).    Two  No.  1  jigs.    2-6ieve  sliding-block  jigs.    1st  discharge 
and  hutch  to  (42)  ;  2d  to  (27) ;  tailings  to  (27). 
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19.  From  (11).    Four  No.  2  jigs.    4-sieve  Harz  jigs.     1st  and  2d  discharges 
and  hutches  to  (42) ;  3d  and  4th  to  (28) ;  tailings  to  (44). 

20.  From  (12).     Four  No.  3  jigs.     4-sieTe  Harz  jigs.     Products  like  (19). 

21.  From  (13).    Three  No.  4  jigs.    4-8ieve  Harz  jigs.     Ist  and  2d  discharges 
and  hutches  to  (42)  ;  3d  and  4th'to  (29)  ;  tailings  to  (44). 

22.  From  (14).     Three  No.  5  jigs.     4-sieve  Harz  jigs.     Products  like  (21 ). 

23.  From  (15).     Three  No.  6  jigs.     4-sieve  Harz  jigs.     1st  and  2d  discharges 
and  hutches  to  (42)  ;  3d  and  4th  to  (37)  ;  tailings  to  (44). 

24.  From  (15).    Three  No.  7  jigs.    4-sieve  Harz  jigs. 

25.  From  (15).    Three  No.  8  jigs.    4-8ieve  Harz  jigs. 

26.  Prom  (15).    Three  No.  9  jigs.    4-8ieve  Harz  jigs. 


Products  like  (23). 
Products  like  (23). 
Products  like  (23). 
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27.  From  (18).    One  pair  of  No.  2  rolls,  26  X  15  inches,  set  J  inch  apart.    To 
(8). 

28.  From  (19)  and  (20).    One  pair  of  No.  3  rolls,  20  X  12  inches,  set  J  inch 
apart.     To  (8). 


29.  From  (21),  (22),  (31)  and  (33).    One  pair  of  No.  4  rolls,  42  X  12  indies, 
set  tV  i"ch  apart.     To  (30). 

30.  From  (29)  and  (37).    Two  No.  2  bucket  elevators.    To  (31). 
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FIG.  516d.— <!ROSS  SECTION  TIIBOUOH  VANNEBS. 


FIQ.  516e. — CHOSS  SECTION  THROUGH  SLIME  TABLES. 


PIO.  516/. CROSS  SECTION  IN  FRONT  OF  ROLLS. 
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Products  like  (21). 
Products  like  (23). 
Products  like  (23). 
Products  like  (23). 


31.  Two  No.  7  trommels.  Sectional  with  3  and  7-mm.  holes.  Over  7  mm. 
to  (29) ;  through  7  on  3  mm.  to  (33) ;  through  3  mm.  to  (32). 

32.  Two  No.  2  hydraulic  classifiers  with  4  spigots  each.  1st  and  2d  spigots  to 
(34) ;  3d  to  (35) ;  4th  to  (36) ;  overflow  to  (16). 

33.  Prom  (31).     Two  No.  10  jigs.     4-sieve  Harz  jigs. 

34.  From  (32).     Two  No.  11  jigs.    4-rieve  Harz  jigs. 

35.  From  (32).     Two  No.  12  jigs.    4-sieve  Harz  jigs. 

36.  From  (32).     Two  No.  13  jigs.    4-siQve  Harz  jigs. 

37.  From  (23),  (24),  (25),  (26),  (34),  (35)  and  (36).  Two  Huntington 
mills  with  30-me8h  screens.     To  (30). 

38.  From  (16).  Four  3-deck  convex  revolving  slime  tables.  Stuff  is  all  fed 
on  upper  and  middle  decks  which  make  heads  to  (42)  and*  tailings  by  a  V-un wa- 
tering box  to  lower  decks  which  make  heads  to  (42),  middlings  to  (40)  and  tail- 
ings to  (44).     Overflow  of  V-box  goes  to  (40). 

39.  From  (16).     Six  6-foot  Frue  vanners.     Heads  to  (42)  ;  tailings  to  (40). 

40.  From  (38)  and  (39).     Centrtfugal  pump.    To  (17). 

41.  From  (17).  Four  Wilfley  tables.  Heads  to  (42) ;  middlings  returned  to 
same  table ;  tailings  to  (44). 

42.  From  (18),  (19),  (20),  (21),  (22),  (23),  (24),  (25),  (26),  (33),  (34), 
(35),  (36),  (38),  (39)  and  (41).  No.  1  settling  tanks.  Settlings  are  sampled, 
weighed  and  wheeled  into  cars  to  go  to  smelter;  overflow  to  (43). 
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43.  No.  2  settling  tanks.  Settlings  sampled,  weighed  and  wheeled  into  cars 
to  go  to  smelter;  overflow  to  (44). 

44.  From  (17),  (19),  (20),  (21),  (22),  (23),  (24),  (25),  (26),  (33),  (34), 
(35),  (36),  (38),  (41)  and  (43).    Tailings  launder.    Towaate. 

The  labor  required  is  12  men  by  day  and  8  by  night. 

The  power  is  furnished.!  in  winter  by  a  Corliss  engine  with  cylinder  18  X  42 
inches,  making  86  revolutions  per  minute.  In  the  spring  and  summer,  water 
power  is  used  supplemented  if  necessary  by  the  engine. 

Crude  ore  from  the  mine  averages  10%  lead,  5%  zinc  and  5  ounces  silver  per 
ton;  shipping  ore  50%  lead  and!  25  ounces  silver;  concentrates  66%  lead,  9% 
zinc  and  26  ounces  silver ;  tailings  1  %  lead,  4%  zinc  and  f  ounce  silver,  the  extra 
loss  in  silver  being  carried  off  with  the  zinc.  One  hundred  tons  of  ore  yield  about 
13  tons  of  concentrates.  The  mill  saves  about  90%  of  the  lead,  85%  of  the  silver 
and  25%  of  the  zinc.  Monthly  shipments  are  100  to  300  tons  6f  shipping  ore  and 
about  2,200  tons  of  concentrates. 

§  696.  The  New  Himmelfaiirt  Mill,  Freibero,  Saxony.^** — Capacity  150 
metric  tons  in  10  hours.  The  mill  runs  10  hours  per  day.  The  ore  consists  of  the 
economic  minerals  galena,  heavy  blende  containing  33%  iron,  p3rrite,  arsenopyrite 
and  sometimes  chalcopyrite,  in  coarse  and  fine  crystallization,  and  a  gangue  either 
of  gneiss  or  of  sometimes  a  quartzoso,  soniotimes  a  spathic  rock;  only  the  galena  is 
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silver  bearing.  The  problem  is  to  separate  all  the  minerals  from  the  gangue  and 
from  each  other.  At  the  various  shafts  a  little  rich  ore  and  waste  are  picked  out 
and  the  residue  is  hauled  to  the  mill  by  horses  in  railroad  cars  holding  1,100  to 
1,200  kilos  each,  which  are  lifted  by  a  platform  elevator  to  the  receiving  floor  and 
dumped  to  (1). 

1.  Four  hoppers  holding  6,000  kilos  each.     By  four  feeders  to  (2) . 

2.  Four  riddles  with  30-mm.  holes,  supplied  with  a  stream  of  water.  Oversize 
to  (3)  ;  undersize  to  (4). 

3.  Four  breakers.    To  (4). 

4.  From  (2)  and  (3).  Two  No.  1  trommels  with  7,  9,  12  and  16-mm.  holes. 
Over  16  mm.  to  (5) ;  through  16  on  12  mm.  to  (20) ;  through  12  on  9  mm.  to 
(21)  ;  through  9  on  7  mm.  to  (22) ;  through  7  mm.  to  (7). 

5.  Two  picking  belts.  Galena  to  (43) ;  pyrite  and  arsenopyrite  to  (44)  ;  bar- 
ren rock  to  (46) ;  residue  to  (6). 

6.  Two  pairs  of  No.  1  rolls,  700  X  340  mm.     To  (7). 

7.  From  (4)  and  (6).  Two  No.  2  trommels  with  4,  5^,  7  and  9-mm.  holes. 
Over  9  mm.  to  (8) ;  through  9  on  7  man.  to  (23) ;  through  7  on  5^  mm.  to  (24) ; 
through  5i  on  4  mm.  to  (25) ;  through  4  mm.  to  (14). 

8.  From  (7)  and  (29).    Two  pairs  of  No.  2  rolls,  700  X  340  mm.    To  (9). 

9.  Two  No.  3  trommels  with  4,  5  and  7-mm.  holes.  Over  7  mm.  to  (10) ; 
through  7  on  5  mm.  to  (26) ;  through  5  on  4  mm.  to  (27) ;  through  4  mn3L 
to  (14). 

10.  Two  pairs  of  No.  3  rolls,  700  X  340  mm.     To  (11). 

11.  Two  No.  4  trommels  with  4-mm.  holes.  Oversize  to  (12) ;  undersize 
to  (14). 

12.  From  (11),  (20),  (21),  (22),  (23),  (24),  (25),  (26),  (27),  (30),  (31). 
Two  No.  1  bucket  elevators.     To  (13). 

13.  Thirty  gravity  stamps  arranged  in  six  batteries  using  a  screen  with  2-mm. 
holes.     To  (14). 

14.  From  (7),  (9),  (11)  and  (13).  Two  No.  5  trommels  with  3-mm.  holes. 
Oversize  to  (30)  ;  undersize  to  (15). 

15.  Two  No.  6  trommels  with  2-mm.  holes.  Oversize  to  (31)  ;  undersize 
to  (16). 

16.  Two  No.  1  pointed  boxes  with  3  spigots  each.  1st  spigot  to  (32) ; 
2d  to  (33);  3d  to  (34);  overflow  by  centrifugal  pump  to  (17). 

17.  Two  No.  2  pointed  boxes  with  9  spigots  each.  First  three  spigots  to  (36) ; 
last  six  spigots  to  (37) ;  overflow  to  (18). 

18.  Two  No.  3  pointed  boxes  with  six  spigots  each.  First  two  spigots  to  (38) ; 
last  four  spigots  to  (19)  ;  overflow  to  (49). 

19.  Two  No.  4  pointed  boxes  with  4  spigots  each.  Spigots  to  (39) ;  overflow 
to  (49). 

20.  From  (4).  Two  No.  1  jigs.  5-sieve  Harz  jigs.  1st  sieve  (galena)  to  (43) ; 
2d  and  3d  sieves  (considerable  galena)  to  (29) ;  4th  and  5th  sieves  (little  galena) 
to  (12);  tailings  to  (46). 

21.  From  (4).    Two  No.  2  jigs.    5-sieve  Harz  jigs.    Products  like  (20). 
•22.  From  (4).    Two  No.  3  jigs.    5-sieve  Harz  jigs.    Products  like  (20). 

23.  From  (7).    Two  No.  4  jigs.    5-sieve  Harz  jigs.    Products  like  (20). 

24.  From  (7).  Two  No.  5  jigs.  5-sieve  Harz  jigs.  1st  sieve  (galena)  to 
(43) ;  2d  sieve  to  (28) ;  3d  sieve  (pyrite)  to  (44) ;  4th  sieve  (poor  grade  pyrite) 
to  (44) ;  5th  sieve  (blende  middlings)  to  (12)  ;  tailings  to  (46).  When  arseno- 
pyrite occurs  in  the  ore,  in  which  case  blende  is  commonly  absent,  the  3d  sieve 
yield?  arsenopyrite  to  (44),  and  the  4th  sieve,  pyrite  to  (44).  On  the  other  hand, 
when  blende  is  present,  arsenopyrite  is  nsuallv  absent  and  the  4th  sieve  vields 
blende  to  (45). 
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25.  From  (7).  Two  No.  6  jigs.    5-8ieve  Harz  jigs.    Products  like  (24). 

26.  From  (9).    Two  No.  7  jigs.    5-8ieve  Harz  jigs.    Products  like  (24). 

27.  From  (9).    Two  No.  8  jigs.    5-sieve  Harz  jigs.    Products  like  (24). 

28.  From  (24),  (25),  (26),  (27).  Two  No.  9  jigs.  S-sieve  Harz  jigs.  Exact 
disposition  of  products  unknown  but  probably  the  earlier  sieves  made  galena  to 
(43),  while  the  later  sieves  and  tailings  go  to  (29). 

29.  From  (20),  (21),  (22),  (23)  and  (28).  Two  No.  2  bucket  elevator?. 
To  (8). 

30.  From  (14).  Two  No.  10  jigs.  5-8ieve  Harz  jigs.  1st  sieve  (galena)  to 
(43) ;  2d  sieve  (galena  and  arsenopyrite  or  galena  and  pyrite  middlings)  to  ( 12) ; 
3d  sieve  (arsenopyrite  and  pyrite)  to  (44) ;  4th  and  5th  sieves  (pyrite  and  blend*^ 
middlings)  to  (12)  or  (if  blende  absent)  to  (44^  •  tailings  to  (47). 

31.  From  (15).    Two  No.  11  jigs.    5-sieve  Harz  jigs.    Products  like  (30). 

32.  From  (16).  Two  No.  12  jigs.  5-sieve  Harz  jigs.  Products  like  (30) 
except  2d,  4th  and  5th  sieves  to  (35). 

33.  From  (16).    Two  No.  13  jigs.    5-sieve  Harz  jigs.    Products  like  (32). 

34.  From  (16).    Two  No.  14  jigs.    5-8ieve  Harz  jigs.    Products  like  (32). 

35.  From  (32),  (33)  and  (34).  Two  No.  15  jigs.  5-8ieve  Harz  jigs.  Exact 
disposition  of  products  unknown  but  probably  galena  to  (43) ;  pyrite  and  arseno- 
pyrite to  (44) ;  blende  to  (45) ;  tailings  to  (47). 

36.  From  (17).  No.  16  jigs.  Two  series,  each  containing  three  Bilharz  oblonp 
movable  sieve  jigs.  1st  jig  (if  galena)  to  (43) ;  or  (if  galena  middlings)  re- 
turned to  same  jig;  2d  jig  (pyrite)  to  (44)  ;  3d  jig  (blende)  to  (45) ;  tailings 
to  (49). 

37.  From  (17).  No.  17  jig.  A  Bilharz  circular  movable  sieve  jig  with  six 
sieves.     All  the  sieves  make  hutches  to  (40)  and  tailings  to  (49). 

38.  From  (18).  Two  No.  18  jigs.  Bilharz  oblong  movable  sieve  jigs.  Con- 
centrates to  (41) ;  tailings  to  (49). 

39.  From  (19).  Four  No.  1  Stein  tables.  Galena  to  (43) ;  galena  middling? 
to  (42) ;  pyrite  to  (44) ;  blende  middlings  (if  blende  is  present)  to  (42) ;  tailings 
to  (49). 

40.  From  (37).     Six  No.  2  Stein  tables.     Products  like  (39). 

41.  Prom  (38).    Two  No.  3  Stein  tables.    Products  like  (39). 

42.  From  (39),  (40)  and  (41).  Two  No.  4  Stein  tables.  Exact  destination 
of  products  unknown  but  probably  galena  to  (43)  ;  pyrite  to  (44) ;  blende  to 
(45) ;  tailings  to  (49). 

43.  From  (5),  (20),  (21),  (22),  (23),  (24),  (25),  (26),  (27),  (28), 
(30),  (31),  (32),  (33),  (34),  (35),  (36),  (39),  (40),  (41)  and  (42).  Store 
bins  for  galena.  The  coarse  stuff  is  stamped  by  20  gravity  stamps  so  that  it  will 
^11  pass  through  a  sieve  with  10  meshes  per  linear  inch.  The  stuff  is  smelted  for 
lead  and  silver. 

44.  From  (5),  (24),  (25),  (26),  (27),  (30),  (31),  (32),  (33),  (34),  (35), 
(36),  (39),  (40),  (41)  and  (42).  Store  bins  for  pyrite  and  arsenopyrite.  These 
are  roasted  separately  and  the  sulphur  and  arsenic  used  for  making  sulphuric 
acid  and  arsenical  compounds  and  the  residues  are  used  as  a  flux  for  the  smelter. 

45.  From  (24),  (25),  (26),  (27),  (35),  (36)  and  (42).  Store  bins  for  blende. 
This  goes  to  market. 

46.  From  (5),  (20),  (21),  (22),  (23),  (24),  (25),  (26)  and  (27).  No.  3 
bucket  elevator  lifting  to  No.  7  trommel  which  makes  such  sizes  of  the  tailings 
as  the  purchasers  desire. 

47.  Prom  (30),  (31),  (32),  (33),  (34)  and  (35).  Unwatering box.  Settlings 
by  No.  4  bucket  elevator  to  No.  7  trommel;  overflow  to  (48). 

48.  No.  1  settling  tank.  Settlings  by  scraper  to  No.  4  bucket  elevator ;  over- 
flow repumped  back  into  the  mill  as  cloar  water. 
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49.  From  (18),  (19),  (36),  (37),  (38),  (39),  (40),  (41)  and  (42).  No.  2 
;ottlin^  tanks.  Three  tanks  having  total  area  of  900  square  meters.  Settlings 
o  waste ;  overflow  repnmped  back  into  the  mill  as  clear  water. 

The  labor  required  is  53  men,  which  may  be  put  under  three  heads:  (a)  Gcfi- 
'.ral  Superintendence — 2  head  overseers  and  2  assistant  overseers;  (&)  Coarse 
Division — 2  men  tit  foot  of  platform  elevator,  2  men  at  top,  2  men  at  breakers, 
5  to  10  boys  or  old  men  at  picking  belts,  1  man  on  the  middle  story,  4  men  wheel- 
ing stuff  on  the  lower  story,  1  man  on  stamps,  1  overseer,  1  en^neer  for  mill 
sngine,  1  fireman  and  1  blacksmith;  (c)  Medium  and  Fine  Division — 2  men  on 
jigs  Nos.  10  to  15  inclusive,  4  men  shoveling,  2  men  wheeling,  2  men  on  the 
rest  of  the  jigs,  4  men  on  the  Stein  tables,  4  men  wheeling  table  stuff,  3  men 
wheeling  waste,  1  carpenter  and  1  overseer. 

The  power  is  furnished  by  a  compound  engine  working  under  a  steam  pres- 
sure of  110  pounds  per  square  inch,  making  70  revolutions  per  minute,  with 
high  pressure  cylinder  390  X  800  mm.  and  low  pressure  cylinder  640  X  800  mm., 
indicating  105  horse  power.  There  are  3  boilers  which  run  the  mill  engine,  the 
platform  elevator  (8  horse  power),  the  electric  lighting  apparatus  (20  horse 
power)  and  the  20  stamps  for  galena  (10  horse  power).  The  power  required  for 
the  individual  machines  is  as  follows:  shafting  and  friction,  6;  4  breakers,  16; 
2  No.  1  trommels,  0.8 ;  2  picking  belts,  1 ;  2  pairs  No.  1  rolls,  8 ;  2  No.  2  trommels, 
0.6 ;  2  No.  2  rolls,  7 ;  2  No.  3  trommels,  0.5 ;  2  pairs  No.  3  rolls,  6 ;  2  No.  4  trom- 
mels, 0.4 ;  2  No.  1  elevators,  0.6 ;  2  No.  2  elevators,  0.6 ;  30  stamps,  12 ;  4  No.  1 
and  No.  2  jigs,  2 ;  14  No.  3  to  No.  9  jigs,  7 ;  4  No.  5  and  No.  6  trommels,  0.6 ; 
12  No.  10  to  No.  15  jigs,  7 ;  1  large  pump  for  water,  4 ;  1  small  centrifugal  pump, 
2;  2  No.  3  and  No.  4  elevators,  0.8;  2  centrifugal  pumps  for  slimes,  4;  1  cen- 
trifugal pump  for  clear  water,  1 ;  1  No.  17  jig,  1 ;  14  tables,  2.8 ;  8  No.  16  and 
No.  18  jigs,  1.2 ;  total  92.9  horse  power.  A  second  engine  with  cylinder  230  mm. 
diameter  X  350  mm.  long,  devel6ping  20  horse  power  when  running  at  160  to 
200  revolutions  per  minute  under  a  steam  pressure  of  110  pounds,  and  cutting 
off  at  ^  stroke,  lumishes  power  for  running  the  dynamo.  There  are  110  incan- 
descent lamps  of  16  candle  power  each,  and  6  arc  lamps  of  1,000  candle  power 
each. 

Water  is  brought  to  the  mill  by  a  ditch  and  is  stored  in  a  reservoir  holding 
10,000  cubic  meters.  The  mill  receives  1  cubic  meter  (264.19  gallons)  per 
minute.  Part  of  this  is  used  by  the  boilers  and  the  remainder  passes  through 
the  condenser  and  thence  to  the  mill.  In  addition  to  the  fresh  water  supply 
there  are  also  0.950  cubic  meter  per  minute  obtained  from  the  settlinpr  tanks. 

The  galena  carries  0.16  to  0.17%  and  sometimes  0.20%  silver.  The  tailings 
of  jigs  No.  1  to  No.  16  average  0.005%  silver,  8  to  10%  sulphur  and  9  to  12% 
zinc;  those  of  No.  16  and  No.  18  jigs,  0.001%  silver,  2%  sulphur  and  4%  zinc; 
those  of  No.  17  jig,  0.002%  silver,  8"%  sulphur  and  8%  zinc ;  those  of  the  tables, 
0.003%  silver,  1%  lead,  1^%  sulphur  and  9%  zinc;  the  settlings  in  No.  2  settling 
tanks  give  0.01%  silver,  2%  lead,  8%  sulphur  and  6%  zinc.  The  overflow  of  the 
titling  tanks  contains  0.227  kilo  of  solid  matter  per  cubic  meter  which  averages 
^^01%  silver,  10%  sulphur  and  9%  zinc. 

The  e^special  points  to  be  noted  about  this  mill  are  that  it  is  modem,  having 
been  put  in  operation  in  October,  1889 ;  that  the  ore  passes  along  continuously 
and  automatically  throughout;  that  the  mill  is  divided  into  two  sections  for 
treating  two  classes  of  ore  independently  if  necessary;  that  it  employs  graded 
treatment;  that  all  the  trommel  oversizes  are  recrushed,  this  being  rendered 
necessary  by  the  sending  of  middlings  back  into  the  main  system. 

§697.  Mill  at  Laurenburg  on  the  Lahn  in  Prussia."' — (See  Pigs.  517a 
and  5176.) — Capacity  200  tons  in  10  hours.  The  ore  consists  of  the  economic 
"minerals  galena,  blende  and  chalcopyrite,  and  a  gangue  of  quartz  and  siderite. 
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The  country  rock  is  graywack.     The  problem  is  to  save  the  lead,  zinc  and  copper 
separately.     The  ore  is  hoisted  up  an  inclined  plane  to  (1). 

Breaking  and  Picking  Building, 

1.  One  grizzly  with  150-mnL  spaces.    Oversize  by  hopper  and  feeder  to  (2) ; 
undersize  to  No.  1  bin  (5). 

2.  One  No.  1  jaw  breaker  crushing  to  75  or  80  mm.    To  (3). 
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FIO.   5176. — PLAN. 
LEQBND  FOB  FIOS.  517a  AND  5176. 


a.  Hoist. 

b.  Breaking  and  picking  building. 

c.  Storage  bins. 

d.  Rock  oreaker  floor. 

e.  Picking  and  coarse  rolls  floor. 

f.  Medium  and  fine  rolls  and  coarse  Jigs  floor. 
a.  Medium  Jigs  and  stamp  floor. 

n.  Fine  jigging  building. 


i.  Large  apitgka^ten. 
k.  Slimes   division. 
J.  Slimes  division  for  old  tailings, 
m.  Boilers, 
n.  Engine, 
o.  Engine, 
p.  Workstiops. 


3.  One  No.  1  shaking  screen  with  25-mm.  holes.  Oversize  to  (4)  :  undersize 
to  No.  2  bin  (5). 

4.  One  circular  revolving  picking  table.  Galena  to  smelter ;  blende  to  market : 
chalcopyrite  to  smelter;  some  rich  complex  material  to  be  cobbed  in  the  same 
room ;  concentrating  ore  to  No.  3  bin  (5) ;  siderite  to  market ;  barren  rock  to  waste 
dump. 

5.  From  (1),  (3),  (4).  No.  1,  2  and  3  bins.  Material  is  wheeled  over  a 
trestle  to  (6). 
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Rock  Breaker  Floor. 

6.  Four  No.  4  bins.     To  (7). 

7.  F'oiir  No.  2  shaking  screens  with  25-mni.  holes.  Oversize  to  (8) ;  under- 
size  to  (9). 

8.  Four  Kiev  jaw  breakers,  *^2()  X  440  mm.,  crushing  to  between  30  and  60  mm. 
To  (9). 

Picking  and  Coarse  Rolls  Floor. 

9.  From  (7)  and  (8).  Two  No.  1  trommels.  Sectional  with  six  sizes  of  holes 
ranging  from  26  (?)  mm.  to  7  mm.  Over  25  (?)  mm.  to  (10)  ;  sizes  between 
25   (?)  mm.  and  7  mm.  separately  to  (12) ;  under  7  mm.  to  (13). 

10.  Two  circular  picking  tables.  Galena  to  smelter;  blende  to  market;  chal- 
copyrito  to  smelter ;  siderite  to  market ;  concentrating  ore  by  two  shaking  feeders 
to  (11) ;  barren  rock  to  waste  dump. 

11.  Two  pairs  of  No.  1  or  coarse  rolls,  crushing  to  10  or  12  mm.    To  (13). 

Medium  and  Fine  Rolls  and  Coarse  Jigs  Floor. 

12.  From  (9).  Twelve  No.  1  or  coarse  jigs.  Two  rows  of  5-sieve  jigs  treat- 
ing various  sizes  from  (9).  Galena  to  smelter:  rich  galena-blende  middlings 
to  be  rejigged  on  separate  jigs;  rich  blende  middlings  to  (16)  ;  poor  middlings 
to  (14)  ;  tailings  to  waste. 

13.  From  (9),  (11).  Two  No.  2  trommels.  Sectional  with  four  sizes  of  holes 
ranging  from  9  (  ?)  mm.  to  4  mm.  Over  9  (  ?)  mm.  by  bucket  elevator  to  (14)  ; 
sizes  between  9  ( ?)  and  4  mm.  separately  to  (20) ;  under  4  mm.  to  (23). 

14.  From  (12),  (13).  Two  pairs  of  No.  2  or  medium  rolls,  crushing  to  about 
6  mm.     To  (18). 

15.  From  (21).  Two  pairs  of  No.  3  or  fine  rolls  crushing  to  about  4  mm 
To  (19). 

16.  From  (12),  (20).  One  pair  of  No.  4  or  blende  rolls,  crushing  to  4  mm. 
To  (17). 

17.  One  No.  3  trommel.  Sectional  with  four  sizes  of  holes  ranging  from 
4  mm.  to  1  mm.  Coarse  sizes  to  jigs,  the  exact  location  of  which  is  not  known 
to  the  author,  but  they  are  probably  among  the  fine  jigs  (25) ;  under  1  mm. 
to  (24). 

Medium  Jigs  and  Stamp  Floor. 

18.  From  (14).  Two  No.  4  trommels.  Sectional  with  three  sizes  of  holes 
ranging  from  7  mm.  to  4  mm.  Over  7  mm.  to  (21) ;  sizes  between  7  and  4  mm. 
separately  to  (25) ;  under  4  mm.  to  (23). 

19.  From  (15).  Two  No.  5  trommels  with  4-mm.  holes.  Oversize  to  (22) ; 
undersize  to   (23). 

20.  From  (13).  Eleven  No.  2  or  medium  jigs.  Two  rows  of  5-8ieve  jigs 
treating  various  sizes  from  (13).  Galena  to  smelter;  rich  galena-blende  mid- 
dlings to  be  rejigged  on  separate  jigs;  rich  blende  middlings  to  (16);  poor 
middlings  to  (21) ;  stamp  material  to  (22) ;  tailings  to  waste. 

21.  From  (18),  (20).     Elevator  to  (15). 

22.  From  (19),  (20),  (25),  (26).  Twenty  gravity  stamps  crushing  to  about 
IJ  mm.     To  (23). 

Fine  Jigging  Building. 

23.  From  (13),  (18),  (19),  (22).  Four  (?)  sets  of  trommels  with  three 
in  series  in  each  set,  having  3,  2,  and  1-mm.  holes.  Oversizes  to  (25) ;  final 
undersize  to  (24). 

24.  From  (17),  (23).  Two  classifiers.  Spigots  probably  to  (26);  overflow 
to  (29). 
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25.  From  (18),  (23),  and  (24).  Twenty-five  No.  3  or  fine  jigs.  Galena  to 
smelter;  some  middlings  to  be  rejigged;  some  middlings  to  (28);  some  mid- 
dlings to  (22) ;  tailings  to  (26). 

26.  Spitzkasten.  Spigots  back  to  some  of  the  fine  jigs  (25)  yielding  an  en- 
riched product  to  (22)  and  tailings  to  waste;  overflow  to  (27). 

27.  Spitzkasten.  Spigots  to  six  Stein  tables,  the  exact  products  of  which  are 
not  known  to  the  author;  overflow  to  (29). 

28.  From  (25).  Two  bumping  tables.  Exact  products  unknown  to  the 
author. 

Large  Spitzkasten. 

29.  From  (24),  (27)  and  also  all  the  slime  water  which  comes  from  the  nn- 
watered  tailings  of  the  previous  machines.  Ten  large  spitzkasten,  half  of  them 
for  galena  slimes  and  half  for  blende  slimes.  Spigots  to  (30) ;  overflow  clear 
water  to  be  used  over  in  the  mill. 

Slimes  Division, 

30.  From  (29),  (32),  (33),  (34),  (35).  Sixteen  small  spitzkasten  in  a  double 
row.     Spigots  to  (31)  ;  overflow  to  (38). 

31.  Four  compound  Stein  tables  each  made  up  of  four  single  tables.  Galena 
to  smelter;  rich  middlings  to  (32) ;  poor  middlings  to  (32) ;  tailings  to  (32). 

32.  Four  spitzkasten,  one  for  rich  middlings,  one  for  poor  middlings,  and 
two  for  tailings.     Spigots  separately  to  (33) ;  overflow  to  (30). 

33.  Four  compound  Stein  tables  each  made  up  of  four  single  tables.  Galena 
or  blende  concentrates,  not  quite  ridh  enough  to  ship,  are  removed  by  hand  and 
enriched  on  Stein  or  Schranz  tables;  rich  middlings  by  centrifugal  pump  to 
(34) ;  poor  middlings  by  centrifugal  pump  to  (30) ;  tailings  by  centrifugal  pump 
to  (34). 

34.  From  (33)  and  (35).  Two  spitzkasten,  one  for  rich  middlings  and  one 
for  tailings.     Spigots  separately  to  (35);  overflow  to  (30). 

35.  Two  compound  Stein  tables  each  made  up  of  four  single  tables,  one  table 
for  rich  middlings  and  one  for  tailings.  Products  like  (33)  except  tailings 
to  (36). 

36.  Two  spitzkasten.     Spigots  to  (37) ;  overflow  to  (38). 

37.  Four  Stein  tables.  Concentrates  to  smelter;  tailings  sand  to  waste;  tail- 
ings water  to  (38). 

38.  From  (30),  (36),  (37).  Settling  basin  outside  the  milL  SetUings  are 
waste;  water  probably  used  over  again. 

The  overflows  from  the  concentrates,  boxes  of  the  tables  are  settled  in  a  series 
of  tanks  yielding  settlings  which  go  to  their  proper  destination  according  to 
quality,  and  overflow  which  is  clear  water  to  be  used  over  in  the  mill. 

Slime  Division  for  Old  Tailings. 

Old  tailings  are  now  being  worked  over.  They  are  first  shoveled  to  a  launder 
having  3-mm.'  holes  at  its  end.  What  passes  through  is  elevated  by  a  bucket 
wheel  to  a  classifier  which  yields  coarse  stuff  to  be  treated  on  a  sand  jig  and  fine 
stuff  to  spitzkasten,  etc.,  just  as  in  the  other  slime  division. 

The  labor  required  is  about  130  men  and  boys  in  10  hours.  There  are 
8  boys  in  the  present  slime  division  and  9  men  in  the  slime  division  for  old 
tailings. 

This  mill  was  erected  about  1893.  In  a  general  way  the  treatment  of  galena 
material  is  done  separately  from  that  of  blende  material  especially  in  the  finer 
part  of  the  mill.  The  article  from  which  the  preceding  outline  has  been  made 
does  not  indicate  clearly  the  exact  arrangement  of  the  machines  in  some  part-^ 
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of  the  mill^  and  therefore  the  author  can  not  he  sure  that  the  outline  ifl  correct 
in  every  point,  although  to  the  best  of  his  knowledge  and  belief  it  is  so. 

Power  for  the  breaking  and  picking  building  is  furnished  by  a  35-horse  power 
engine ;  for  the  main  washing  buildings  by  a  300-horse  power  compound  engine ; 
and  for  the  slimes  division  by  a  60-horse  power  engine. 

§  698.  The  Ore  Dressing  Mill  at  Clausthal,  Germany."* — (See  Pigs. 
518a  and  5186.) — Capacity  about  275  tons  per  day.  The  coarse  divisions  of  the 
mill  down  to  and  including  the  coarse  jigs  run  11  or  12  hours  per  day,  while 
the  fine  divisions  run  24  hours  per  day. 

The  ore  consists  of  the  economic  minerals  galena,  blende,  copper  pyrites  and 
iron  pyrites  and  a  gangue  of  quartz,  calcite,  slate  and  graywack.  The  problem 
is  to  save  the  lead,  zinc  and  copper  separately.  In  the  upper  levels  oxidized 
ores  of  lead  and  zinc  were  found.  The  character  of  the  ore  has  changed  in  recent 
years,  the  proportion  of  blende  having  greatly  increased,  as  may  be  seen  by 
reference  to  the  products  given  on  page  973. 


FIG.  518a. — ELEVATION  OF  ORE  DRESSING  WORKS  AT  CLAUSTHAL. 


FIG.  5186. — ^PLAN. 
LEGEND  FOE  FIGS.  518a  AND  5186. 


Braaker  houM. 
Dry  cobbing  booM. 
W«t  cobbing  bonae. 
Small  picking  boun. 
Coane   trommel    bouae. 
Fine   trommel    bouao. 
Goaraa  rollt  bonae. 


8.  CoaiM  Jigs  bouae. 

9.  Medium  and  fine  rolla  bouaa. 

10.  Medium  and   fine  Jlga  bouao. 

11.  Gravity  atamp  bouae. 

13.  Sand   waabing   bouae. 
IS.  Slime  waabing  bouae. 

14.  Auxiliary    waabing    bouaa. 


Tbe  old  atamp  mllla  X.,  XI..  and  XII.  are  not  abown. 


In  early  times  the  ore  at  this  place  was  treated  in  several  small,  isolated  stamp 
mills.  In  1871  and  1872  the  present  central  establishment  was  erected  and  three 
of  the  old  stamp  mills  (X.,  XI.  and  XII.)  are  used  to  treat  certain  products 
of  the  main  mill. 

In  the  mine  all  the  fine  ore,  except  that  from  poor  parts  of  the  mine,  is 
hoisted  directly.  Coarse  stuff  up  to  100  mm.  size  is  hand  picked  to  remove  waste, 
which  is  kept  in  the  mine.  Coarse  stuflF  above  100  mm.  size,  unless  its  appear- 
ance is  such  as  to  show  that  mineral  is  finely  disseminated  through  it,  is  broken 
by  sledges  and  picked  over  to  remove  waste.*  The  chutes  for  ore  have  a  grating 
over  them  which  has  holes  250  or  300  mm.  in  diameter,  to  prevent  anything 
coarser  than  this  size  from  leaving  the  mine.  All  kinds  of  ore  are  hoisted  to- 
gether and  go  to  the  grizzlies  in  the  breaker  houpe. 

Since  this  mill  uses  the  non-continuous  system,  there  being,  just  following 
the  two  cobbing  houses,  large  storage  banks  for  piling  up  the  different  kinds  of 
material  picked  out  in  these  houses,  and  since  for  this  and  other  reasons  it  is 
somewhat  complicated,  the  author  has  thought  it  best  to  depart  from  the  usual 
form  and  to  use  the  graphical  scheme  in  describing  it,  (see  pages  966  to  972). 
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The  labor  required  Ib  450  men  per  24  hours  on  an  average. 

Power  is  furnished  to  the  mill  as  follows:  A  50-horse  power  Corliss  engine 
with  one  cylinder  runs  the  breaker  house.  A  100-horse  power  Corliss  engine  with 
two  cylinders  runs  the  coarse  and  medium  and  fine  rolls  houses.  A  150-horse 
power  Corliss  engine  with  two  cylinders  and  a  30-horse  power  Girard  water  tur- 
bine run  the  gravity  stamp  house.  A  7-hor8e  power  Partial  water  turbine  and 
a  45-horse  power  Knop  turbine  drive  the  trommel  and  jig  houses.  A  IS-horse 
power  Oirard  turbine  runs  the  auxiliary  washing  house.  A  water  wheel  4.14  m. 
diameter  runs  the  old  stamp  mill  X.  Two  water  wheels  3.4  m.  and  4.04  m. 
diameter  run  the  old  stamp  mill  XI.  Two  water  wheels  3.7  m.  and  3.8  m.  di- 
ameter run  the  old  stamp  mill  XII. 

For  twelve  months  in  1880  and  1881  the  ore  treated  was  83,170.5  tons,  and 
this  yielded  8,048.5  tons  of  lead  concentrates,  364.4  tons  of  zinc  concentrates 
and  117.65  tons  of  copper  concentrates;  100  tons  of  ore  produced  9.68  tons 
of  lead  concentrates,  0.44  ton  of  zinc  concentrates  and  0.14  ton  of  copper  con- 
centrates. For  twelve  months  in  1893  and  1894  the  ore  treated  was  80,294.25 
tons,  and  this  yielded  5,401.41  tons  of  lead  concentrates,  6,644.585  tons  of  zinc 
concentrates  and  39.6  tons  of  copper  concentrates.  The  corresponding  figures 
for  100  tons  of  ore  were  6.73  tons  of  lead  concentrates,  8.28  tons  of  zinc  con- 
centrates and  0.05  ton  of  copper  concentrates.  The  lead  concentrates  contain 
from  0.062  to  0.072%  silver.  The  tailings  contain  0.2  to  0.4%  lead  and  0.5 
to  2.0%  zinc. 

As  will  be  seen  from  the  scheme,  pyritic  material  is  sent  for  treatment  to  the 
Dorotheer  mill.  The  author  is  unable  to  find  any  description  of  this  plant,  which 
is  a  small  affair.  Moreover,  at  last  accounts  it  was  the  intention  to  arrange 
to  treat  the  pyritic  stuff  at  the  main  mill. 

(7i)    COMPLEX  JIOOIKO  MILLS  DRESSING  ARGENTIFEROUS  COPPER  SULPHIDES 

IN  MONTANA. 

§  699.  This  group  includes  Mills  38,  39,  40  and  41.  They  use  as  final  crush- 
ers either  rolls  or  steam  stamps.  Those  using  rolls  crush  by  breakers  and  rolls, 
and  dress  by  screens,  classifiers,  jigs  and  tables  or  vanne'rs.  Mill  38  re-treats 
coarse  middlings  by  auxiliary  rolls,  and  sends  them  back  into  the  system; 
medium  middlings  are  treated  by  auxiliary  rolls,  classifiers,  jigs  and  vanners. 
The  middlings  of  these  together  with  the  original  fine  middlings  are  again 
treated  by  auxiliary  Huntington  mills,  jigs,  and  slime  tables.  One  of  the  three 
sections  had  a  steam  stamp,  but  it  was  used  only  when  one  of  the  others  stopped 
for  repairs.  In  Mill  39  the  coarser  middlings  are  recrushed  by  breakers  and 
rolls,  going  back  into  the  system ;  the  finer  middlings  are  treated  by  Huntington 
mills,  classifiers,  jigs  and  vanners.  Mills  40  and  41  re-treat  the  coarse  mid- 
dlings by  auxiliary  rolls,  and  send  them  back  into  the  system;  fine  middlings 
are  re-treated  by  auxiliary  rolls  and  jigs,  the  final  overflow  of  the  classifiers  going 
back  into  the  system.  That  the  mill  men  of  this  district  are  appreciating  the 
advantages  of  running  two  machines  together  is  shown  by  the  changes  in  Mill 
39,  indicated  in  the  note  at  the  end  of  the  mill. 

The  ore  treated  by  these  mills  carries  a  very  high  percentage  of  concentrates 
which  tends  to  make  high  losses  in  the  tailings.  It  is  for  this  reason  that 
such  coarse  jigging  is  practiced  in  Mills  38  and  39.  The  coarse  concentrates 
are  not  of  high  grade,  being  only  good  average  products,  but  it  pays  better  to 
save  the  material  in  this  way  than  to  crush  it  finer.  However,  no  tailings  go 
to  waste  which  are  coarser  than  3  mm.,  and  even  then  they  carry  a  considerable 
percentage  of  the  values  in  the  ore.  The  losses  are  more  in  the  jig  tailings  than 
in  the  vanner  tailings.     In  Mill  40  during  the  month  of  July,  1892,  the  jig 
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tailings  below  3  mm.  assayed  2.86  ounces  silver  per  ton  and  1.64%  copper,  while 
the  vanner  tailings  assayed  1.6  ounces  silver  and  1.00%  copper.  This  loss  in 
the  jig* tailings  is  due  to  included  grains,  and  also  to  fine  material  that  comes  to 
the  jigs  through  the  imperfections  of  hydraulic  classifiers  (see  Tables  300  and 
301 ).  Good  material  can  be  saved*  from  this  by  recrushing  and  treatment  on  vaD- 
ners  and  Wilflej'  tables,  and  it  is  only  a  question  of  experiment  in  the  individual 
mills  to  determine  whether  it  will  pay.  Mill  38  has  decided  the  question  in  the 
affirmative. 

§  700.  Mill  No.  38.  Boston  and  Montana  Consolidated  Coppbk  and 
Silver  Mining  Company,  Great  Falls,  Montana. — ^The  mill  has  three  sec- 
tions :  two  roll  sections,  and  one  steam  stamp  section.  Only  two  sections  can  be 
ruA^  at  a  time.  Capacity  of  each  roll  section  300  tons  in  24  hours,  and  of  the 
steam  stamp  section  250  tons  in  24  hours.  The  mill  runs  24  hours  per  day, 
7  days  per  week.  The  ore  consists  of  the  economic  minerals  chalcopyrite,  pjrite, 
enargite  and  bomite  and  a  gangue  of  quartz  and  decomposed  feldspar.  The 
problem  is  to  save  the  copper  and  silver.  The  ore  is  brought  by  the  Great 
Northern  Railroad  a  distance  of  170  miles  in  bottom  dumping  cars  holding  25 
to  30  tons,  to  (1). 

1.  One  No.  1  or  receiving  bin  with  flat  bottom,  holding  3,000  tons,  in  3  sec- 
tions. By  gates  and  chutes  to  (2)  and  (50).  Both  roll  sections  are  alike  and  the 
author  will  therefore  describe  one  roll  section  and  the  steam  stamp  section. 

One  Roll  Section. 

2.  Two  No.  1  grizzlies  with  1-inch  spaces.     Oversize  to  (3) ;  undersize  to  (4). 

3.  One  No.  1  Blake  breaker,  10  X  20  inches,  crushing  to  IJ  inches.    To  (4). 

4.  From  (2)  and  (3).  Two  No.  1  trommels  with  38.1-inm.  round  holes. 
Oversize  to  (5) ;  undersize  to  (6). 

6.  Two  No.  2  Blake  breakers,  7  X  10  inches,  crushing  to  1  inch.     To  (6). 

6.  From  (4),  (5),  (23),  (24).    Two  No.  1  bucket  elevators.    To  (7). 

7.  Two  No.  2  trommels  with  22.2-mm.  round  holes.  Oversize  to  (14)  ;  under- 
size to  (8). 

8.  Two  No.  3  trommels  with  9.5-mm.  round  holes.  Oversize  to  (15)  ;  under- 
size to  (9). 

9.  From  (8)  and  (53).  Two  No.  4  trommels  with  5-mm.  round  holes.  Over- 
size to  (17) ;  undersize  to  (10). 

10.  Two  No.  5  trommels  with  2^-mm.  round  holes.  Oversize  to  (18)  ;  under- 
size to  (11). 

11.  No.  1  unwatering  box.     Spigot  to  (12) ;  overflow  to  (13). 

12.  Two  No.  1  hydraulic  classifiers,  each  with  4  spigots.  Ist  spigot  to  (19) ; 
2d  to  (20) ;  3d  to  (21) ;  4th  to  (22) ;  overflow  to  (13). 

13.  From  (11),  (12),  (22),  (29),  (33).  No.  1  whole  current  box  classifier. 
Two  sets  of  tanks  with  4  tanks  in  series  in  each  set,  and  4  spigots  in  each  tank. 
Spigots  to  twelve  upper  decks  and  eight  lower  decks  of  (40) ;  overflow  to  (49). 

14.  From  (7).  Two  No.  1  jigs,  l-sieve  Harz  jigs.  Discharge  to  (IG); 
hutch  to  (15)  ;  tailings  to  (23). 

15.  From  (8)  andi  (14).  Two  No.  2  jigs.  2-sieve  Harz  jigs.  Discharges 
to  (16)  ;  hutches  to  (17)  or  (44) ;  tailings  to  (24). 

16.  From  (14)  and  (15).  No.  1  unwatering  screen.  Oversize  to  (48); 
undersize  (water  only)  to  be  used  on  (15),  (17),  (18),  (19),  (20),  (21),  (22). 

17.  Prom  (9)  and  (15).  Eight  No.  3  jigs.  2-sieve  Evans  jigs.  Discharges 
and  hutches  to  (44)  ;  tailings  to  (25). 

18.  Prom  (10).     Eight  No.  4  jigs.     2-sieve  Evans  jigs.     Products  like  (17). 

19.  From  (12).  Two  No.  5  jigs.  2-pieve  Evans  jigs.  2d  discharge  to  (34)  ; 
Ist  and  2d  hutches  to  (43)  ;  tailings  to  (49). 
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20.  Prom  (12).     Two  No.  6  jigs.    2-8ieve  Evans  jigs.     Products  like  (19.). 

21.  From  (12).     Two  No.  7  jigs.     2-sieve  Evans  jigs.     Products  like  (19). 

22.  From  (12).  Two  No.  8  jigs.  2-8ieve  Evans  jigs.  2d  discharge  to' (34)  ; 
1st  hutch  to  (43) ;  2d  to  (13) ;  tailings  to  (49). 

23.  From  (14).  One  pair  of  No.  1  rolls,  26  X  15  inches,  set  i  inch  apart. 
To  (6). 

24.  From  (15).  One  pair  of  No.  2  rolls,  26  X  15  inches,  set  i  inch  apart. 
To  (6). 

25.  From  (17)  and  (18).  No.  2  unwatering  box.  Spigots  to  (26) ;  overflow, 
(water  only)  to  be  used  on  (40)  and  (42). 

26.  From  (25)  and  (28).     One  No.  2  bucket  elevator.     To  (27). 

27.  One  No.  6  trommel  with  2.5-mm.  round  holes.  Oversize  to  (28) ;  under-. 
size  to  (29). 

28.  One  pair  of  No.  3  rolls,  26  X  15  inches,  set  close  together.     To  (26). 

29.  From  (27).  Two  No.  2  hydraulic  classifiers  with  4  spigots  each.  1st 
spigot  to  (30) ;  2d  to  (31) ;  3d  to  (32)  ;  4th  to  (33) ;  overflow  to  (13). 

30.  Two  No.  9  jigs.     2-sieve  Evans  jigs.     Products  like  (19). 

31.  From  (29).     Two  No.  10  jigs.     2-sieve  Evans  jigs.     Products  like  (19). 

32.  From  (29).     Two  No.  11  jigs.     2-8ieve  Evans  jigs.     Products  like  (19). 

33.  From  (29).     Two  No.  12  jigs.     2-sieve  Evans  jigs.     Products  like  (22). 

34.  From  (19),  (20),  (21),  (22),  (30),  (31),  (32),  (33),  (38),  (39),  (58), 
(59),  (60).    No.  5  bucket  elevator.     To  (35). 

From  here  on  the  three  sections  of  the  mill  are  described  together. 

All  Three  Sections  United. 

35.  Four  6-foot  Huntington  mills,  using  a  screen  with  1.5-mm.  slots.  By  dis- 
tributor to  (36). 

36.  Three  No.  3  hydraulic  classifiers  with  four  spigots  each.  Spigots  to  (38) 
and  (39) ;  overfiow  to  (37). 

37.  From  (36),  (55)  and  (56).  One  No.  2  whole  current  box  classifier. 
Spigots  to  four  lower  decks  of  (40)  ;  overflow  to  (49). 

38.  From  (36).  Six  No.  13  jigs.  3-sieve  Harz  jigs.  3d  discharge  to  (43) ; 
Ist  and  2d  hutches  to  (43) ;  3d  to  (34) ;  tailings  to  (49). 

39.  From  (36).    Six  No.  14  jigs.    3-sieve  Harz  jigs.    Products  like  (38). 

40.  Pulp  from  (13)  and  (37) ;  wash  water  from  (25).  Twelve  2-deck  con- 
vex revolving  slime  tables.  Heads  of  both  decks  to  (43) ;  middlings  and  tail- 
ings to  (41). 

41.  One  No.  3  whole  current  box  classifier.  Spigots  to  (42)  ;  overflow  to 
(49). 

42.  Pulp  from  (41);  wash  water  from  (25).  Twenty  4-foot  Frue  vanners. 
Heads  to  (43)  ;  tailings  to  (49). 

43.  From  (19),  (20),  (21),  (22),  (30),  (31),  (32),  (33),  (38),  (39),  (40), 
(42).    Three  No.  3  bucket  elevators.    To  (44). 

44.  From  (15),  (17),  (18),  (43),  (58),  (59),  (60).  No.  1  settling  tanks. 
Three  sets  with  four  tanks  in  series  in  each  set.  Settlings  by  gate  periodically 
to  (46)  ;  overflow  and  drainings  to  (45). 

45.  No.  2  settling  tanks.  Six  sets  with  four  tanks  in  series  in  each  set. 
Settlings  shoveled  periodically  to  (46) ;  overflow  to  (47). 

46.  From  (44)  and  (45).  Bins  for  concentrates.  Three  sets  with  four  in 
each  set.  Each  bin  is  10  feet  long,  12  feet  wide  with  bottom  sloping  45**.  By 
car  to  smelter. 

47.  From  (44)  and  (45).  No.  3  settling  tank.  Settlings  by  car  to  smelter; 
overflow  to  (49). 
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48.  From  (16),  (57).     No.  4  bucket  elevator.     By  cars  to  smelter. 

49.  From  (13),  (19),  (20),  (21),  (22),  (30),  (31),  (32),  (33),  (37),  (38), 
(39),  (41),  (42),  (47),  (59),  (60).     Tailings  launder  to  waste. 

Steam  Stamp  Section. 

60.  From  (1).     Grizzly.     Oversize  to  (51) ;  undersize  to  (52). 

51.  From  (50),  (53),  (57).  Steam  ptamp  using  a  screen  with  12.7  and 
19.1-mm.  round  holes.     To  (52). 

52.  From  (50)  and  (51).     No.  6  bucket  elevator.     To  (53). 

53.  Two  No.  7  trommels.  Each  sectional  with  9.5  and  22.2-mm.  round  holes. 
Over  22.2  mm.  to  (51) ;  through  22.2  on  9.5  mm.  to  (57) ;  through  9.5  mm.  lo 
(54)  or  (9). 

64.  Three  No.  8  trommels  with  5-mm.  round  holes.  Oversize  to  (58)  ;  under- 
size to  (55). 

55.  One  No.  3  unwatering  box.     Spigots  to  (56) ;  overflow  to  (37). 

56.  Three  No.  4  hydraulic  classifiers  with  four  spigots  each.  Spigots  to  (59) 
and  (60) ;  overflow  to  (37). 

57.  From  (53).  One  No.  15  jig.  2-sieve  Harz  jig.  Discharges  by  unwater- 
ing screen  to  (48) ;  hutches  to  (58) ;  tailings  to  (51). 

58.  From  (54)  and  (57).  Six  No.  16  jigs.  2-sieve  Harz  jigs.  Discharges 
and  hutches  to  (44) ;  tailings  to  (34). 

59.  From  (56).  Six  No.  17  jigs.  3-sieve  Harz  jigs.  Discharges  to  (44); 
1st  and  2d  hutches  to  (44) ;  3d  hutch  to  (34) ;  tailings  to  (49). 

60.  From  (56).     Six  No.  18  jigs!     3-sieve  Harz  jigs.     Products  like   (59). 
Power  is  derived  from  falls  in  the  Missouri  Biver  at  this  point  and  is  trans- 
mitted to  the  mill  by  wire  rope  transmission. 

Water  is  pumped  to  the  mill  from  the  river  by  a  Boots  rotary  pump. 

In  this  mill  note  that  the  hutches  of  No.  1  and  No.  2  jigs  are  finished  on  the 
next  jig ;  also  that  all  coarse  tailings  are  recrushed. 

In  l^is  mill  the  steam  stamp  section  described  above  has  now  been  abandoned 
owing  to  the  difficulty  of  handling  the  large  amount  of  fine  slimes  formed  by  the 
stamp,  and  it  has  been  changed  over  to  be  like  the  two  other  sections.  This 
change  made  an  addition  necessary  to  accommodate  the  middlings  plant, 
(35) — (39),  which  formerly  occupied  space  in  the  steam  stamp  section.  All 
three  sections  of  the  mill  can  now  be  run  at  the  same  time  and  the  number  of 
Huntington  mills  (35)  has  been  increased  to  seven  and  the  other  machines. 
(36) — (39),  increased  to  correspond.  Furthermore  a  second  mill  has  been 
built  with  three  sections  and  a  middlings  plant — a  duplicate  of  the  first  mill, 
except  that  Evans  jigs  are  used  in  (38)  and  (39), — ^and  the  capacity  of  each 
mill  is  now  1,200  /tons  or  more  in  24  hours.  The  increased  capacity  is  due 
entirely  to  better  arrangement. 

§  701.  Mill  No.  39.  Butte  and  Boston  Mining  Company,  Butte.  Mon- 
tana.— Capacity  500  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  7  days 
per  week.  The  ore  consists  of  the  economic  minerals  bomite,  chalcopyrite, 
enargite,  pyrite,  blende  with  some  silver  minerals  and  a  gangue  of  quartz  and 
some  decomposed  feldspar.  The  problem  is  to  save  the  copper  and  silver  with- 
out the  zinc.  The  ore  is  hand  picked  in  the  mine  into  three  classes:  (a)  rich 
ore  which  goes  to  smelter;  (&)  concentrating  ore  by  hopper  bottom  cars 
holding  5  tons  J  mile  to  (1) ;  (c)  waste  left  in  the  mine. 

1.  Two  receiving  bins  with  flat  bottoms,  holding  246  tons  each.  By  chute 
to  (2). 

2.  Two  No.  1  Blake  breakers,  9  X  15  inches,  crushing  to  2|  inches.     To  (3). 

3.  Two  No.  1  trommels.     Each  sectional  with  38.1  and  54-mm.  round  ho1e& 


§  701         SUMMARY  OF  PRINCIPLES  AND  OUTLINES  OF  MILLS.  977 

Over  54  mm.  to  (4) ;  through  54  on  38.1  mm.  to  (15) ;  through  38.1  mm.  to  (5). 

4.  From  (3)  and  (15).  Two  No.  2  Hhiko  breakers,  4  X  10  inches,  crushing 
to  1  inch.     To  (5). 

5.  From  (3),  (4)  and  (7).  Two  No.  2  trommels.  Each  sectional  with  38.1 
and  15-mm.  round  holes.  Over  38.1  mm.  to  (6) ;  through  38.1  on  15  mm.  to 
(IG) ;  through  15  mm.  to  (8). 

6.  From  (5)  and  (16).  Two  pairs  of  No.  1  rolls,  30  X  16  inches,  set  ^  inch 
apart     To  (7). 

7.  From  (6),  (15),  (16),  (17),  (18).     Two  No.  1  bucket  elevators.     To  (5). 

8.  From  (5).     Two  No.  2  bucket  elevators.     To  (9)\ 

9.  Four  No.  3  trommels  with  8.5-mm.  round  holes.  Oversize  te  (17) ;  under- 
j^izo  to  (10). 

10.  Four  No.  4  trommels  with  4.5-mm.  round  holes.  Oversize  to  (19) ;  under- 
.<izc  to  (11). 

11.  Two  distributing  boxes,  each  3  feet  long,  2  feet  wide,  2^  feet  deep. 
Two  spigots  to  (12). 

13.  Four  No.  1  hydraulic  classifiers  with  two  spigots  each.  1st  spigot  to 
(iO)  ;  2d  to  (21)  ;  overflow  to  (13). 

13.  Four  No.  2  hydraulic  classifiers  with  two  spigots  each.  Ist  spigot  to 
(22)  ;  2d  to  (23) ;  overflow  to  (14). 

14.  Four  No.  1  whole  current  box  classifiers  each  with  three  spigots.  Spigots 
to  sixteen  vanners  of  (31) ;  overflow  to  (34). 

15.  From   (3).     Two  No.   1  jigs.     1-sieve  Harz  jigs.     Discharge  to    (33) 
hutch  to  (7);  tailings  to  (4). 

10.  From    (5).     Two  No.  2  jigs.     1-sieve  Harz  jigs.     Discharge  to    (33) 
hutch  to  (7) ;  tailings  to  (6). 

17.  From   (9).     Four  No.  3  jigs.     1-sieve  Harz  jigs.     Discharge  to   (32) 
hutch  to  (7) ;  tailings  to  (18). 

18.  One  pair  of  No.  2  rolls,  26  X  15  inches,  set  close  together.    To  (7). 

19.  From  (10).  Four  No.  4  jigs.  3-sieve  Harz  jigs.  Discharges  and  hutches 
to  (32)  ;  tailings  to  (24). 

20.  From  (12).     Pour  No.  5  jigs.     3-sieve  Harz  jigs.     Products  like  (19). 

21.  From  (12).     Four  No.  6  jigs.     3-sieve  Harz  jigs.     Products  like  (19). 

22.  From  (13).  Four  No.  7  jigs.  4-sieve  Harz  jigs.  Hutches  to  (32); 
tailings  to  (24). 

23.  From  (13).     Four  No.  8  jigs.     4-sieve  Hara  jigs.     Products  like  (22). 

24.  From  (19),  (20),  (21),  (22),  (23),  (30).  Four  5-foot  Huntington 
mills  using  screen  with  2^  X  12i-mm.  slots.      To  (25). 

25.  Two  No.  3  hydraulic  classifiers  with  two  spigots  each.  Spigots  to  (28) ; 
ovorflowto  (26). 

26.  Two  No.  4  hydraulic  classifiers  with  1  spigot  each.  Spigot  to  (29) ; 
overflow  to  (27). 

27.  Five  No.  2  whole  current  box  classifiers  with  two  spigots  each.  Spigots 
to  four  vanners  of  (31) ;  overflow  to  (34). 

28.  From  (25).  Four  No.  9  jigs.  4-sieve  Harz  jigs.  4th  discharge  to 
(30)  ;  1st,  2d  and  3d  hutches  to  (32) ;  4th  to  (30)  ;  tailings  to  (34). 

29.  From  (26).     Two  No.  10  jigs.     4-Rieve  Harz  jigs.     Pro^dncts  like  (28). 

30.  From  (28)  and  (29).     One  No.  3  bucket  elevator.     To  (24). 

31.  From  (14)  and  (27).  Twenty  4-foot  Frue  vanners.  Heads  to  (32); 
tailings  to  (34). 

32.  From  (17),  (19),  (20),  (21),  (22),  (23),  (28),  (29),  (31).  Two  No.  4 
bucket  elevators.    To  (33). 

33.  From  (15),  (16)  and  (32).     Nine  N#.  1  settling  tanks  for  concentrates, 
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each  about  12  X  13  X  15  feet  deep.  Settlings  after  draining  are  discharged  bj 
gates  to  cars  to  go  to  smelter;  overflow  pumped  back  to  water  supply  tank. 

34.  From  (14),  (!e7),  (28),  (29),  (31).     Tailings  launder  to  wa#te  pile. 

The  power  is  derived  from  four  fire  tube  boilers  14  feet  long  and  54  inche? 
diameter,  running  under  a  pressure  of  100  pounds  per  square  inch,  and  a  cfon? 
compound  engine  with  high  pressure  cylinder  14  X  42  inches  and  low  pre^ure 
24  X  42  inches,  making  8(j  revolutions  per  minute,  cutting  off  at  \  stroke  and 
developing   250   indicated   horse  power. 

Water  is  derived  from  three  sources: — 1,440,000  gallons  per  24  hours  are 
pumped  from  the  creek  up  75  feet  to  a  tank  at  the  top  of  the  mill  by  a  compound 
Blake  pump;  J00,000  gallons  are  repumped  from  the  settling  tanks  (33)  to  the 
store  tanks;  1,000,000  gallons  flow  into  the  mill. 

One  hundred  tons  of  ore  yield  about  40  tons  of  concentrates  and  60  tons  of 
tailings. 

In  this  mill  note  the  rather  unusual  duplication  of  trommel  holes  in  (3)  and 
(5)  in  order  to  be  able  to  treat  original  stuff  together  with  middlings. 

By  recent  changes  the  vanners  (31)  have  been  replaced  by  convex  revolving 
slime  tables  followed  by  Wilfley  tables.  The  slime  tables  make  heads  to  tl» 
smelter  and  tailings  to  the  Wilfley  tables.  The  latter  make  heads  to  the  smelter 
and  tailings  to  waste. 

§  702.  Mill  No.  40.  Colorado  Smelting  and  Mining  Company,  Butte, 
Montana. — (See  Figs.  519a  and  h\^h.) — Capacity  of  the  mill  is  275  to  300  ton> 
per  24  hours  for  the  section  treating  ore  from  the  company's  mine  and  125  to  150 
tons  for  the  section  treating  custom  ores.  The  ore  consists  of  the  economic  min- 
erals pyrite,  blende,  bomite,  enargite,  chalcopyrite,  chalcocite,  tetrahedrite  an^ 
tennantite,  mostly  in  coarse  crystallization  but  sometimes  finely  disseminated, 
and  a  gangue  of  quartz,  with  some  decomposed  granite  and  a  little  barite.  The 
problem  is  to  save  the  copper  and  silver  without  the  zinc  In  the  mine  low  grade 
blende  containing  only  10  or  20  ounces  silver  per  ton  is  left  awaiting  a  market. 
The  rest  of  the  material  is  classed  into  ore  which  is  of  high  grade  suitable  t*» 
hand  pick  and  that  which  is  not.  Both  classes  are  hoisted  and  trammed  in  eni: 
dumping  cars  holding  1,800  pound's  to  the  rock  house,  the  former  going  to  ( 1 ) 
and  the  latter  to  (3). 

Rock  House. 

1.  Two  No.  1  grizzlies  with  1  J-inch  spaces.     Oversize  to  (2)  ;  undersize  to  (3'J 

2.  Two  picking  floors.  Clean  smelting  ore  (copper,  zinc  and  silver)  by  team? 
to  smelter;  pure  zinc  ore  (zinc  and  silver)  for  a  separate  smelting  treatment: 
waste  to  dump;  residue  or  concentrating  ore  to  (3). 

3.  From  the  mine,  (1)  and  (2).  Two  No.  1  or  rock-house  bins  each  60  feet 
long,  13  feet  wide,  with  bottoms  sloping  52°,  and  holding  650  tons  each.  By 
gate  and  chute  to  4-hor8e  wagons,  holding  5^  tons,  2  miles  to  (4). 

Mill. 

4.  Four  No.  2  or  receiving  bins,  two  of  them  holding  150  tons  each  for  the 
company's  ore  and  two  holding  200  tons  each  for  custom  ore.  By  gate  and  chute 
to  (5). 

From  this  point  on  only  the  company's  section  of  the  mill  will  be  described. 
The  other  section  is  an  exact  duplicate  of  it. 

5.  One  No.  1  Blake  breaker,  9X15  inches,  crushing  to  2  inches.     To  (6). 

6.  From  (5),  (9)  and  (16).     Two  No.  1  bucket  elevators.    To  (7). 

7.  Two  No.  1  trommels  with  20-mm.  round  holes.  Oversize  to  (8) ;  undersize 
to  (10). 
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8.  Two  No.  2  Blake  breakers,  7  X  10  inches,  crushing  to  1  inch.    To  (9). 

9.  Two  pairs  of  No.  1  rolls,*  30  X  16  inches,  set  i  inch  apart.     To  (6). 

JO.  From  (7).     Two  No.  2  trommels  with  7-mm.  round  holes.     Oversize  to 
(15);  undersize  to  (11). 

1 1.  Two  No.  3  trommels  with  4.5-mm.  round  holes.     Oversize  to  (17) ;  under- 
size  to  (12). 

12.  Two  No.  4  trommels  with  3-mm.  round  holes.     Oversize  to  (18) ;  under- 
size  to  (13). 

13.  Two  No.  1  hydraulic  classifiers,  each  with  four  spigots.     Spigots  to  (19) ; 
overflow  to  (14). 

14.  From  (13)  and  (25).     Two  No.  1  whole  current  box  classifiers  in  series 
with  8  spigots  in  each.     Spigots  to  (2g) ;  overflow  none. 

15.  From  (10).     Two  No.  1  jigs.     1-sieve  Harz  jigs.    Discharge  to  (29); 
hutch  to  (20) ;  tailings  to  (16). 

16.  One  pair  of  No.  2  rolls,  30  X  16  inches,  set  ^  inch  apart.     To  (6). 

17.  From    (11).     Three   No.   2  jigs.     S-sieve  Harz  jigs.    Discharges   and 
hutches  to  (31) ;  tailings  to  (20). 

18.  From  (12).     Three  No.  3  jigs.     3-sieve  Harz  jigs.    Products  like  (17). 

19.  From  (13).     Six  No.  4  jigs.     3-sieve  Harz  jigs.     Ist  and  2d  discharges 
to  (31) ;  3d  to  (20)  ;  hutches  to  (31) ;  tailings  to  (35). 

20.  From   (15),  (17),  (18),   (19),   (26),  (27).     One  unwatering  trommel 
with  2|-mm.  round  holes.     Oversize  to  (21) ;  undersize  to  (22). 

21.  From  (20)  and  (24).    One  pair  of  No.  3  rolls,!  30  X  16  inches,  set  close 
together.    To  (23). 

22.  From  (20).     One  No.  1  unwatering  box.    Spigot  to  (23) ;  overflow  is 
clear  water  to  be  used  again  in  the  mill. 

23.  From  (21)  and  (22).    One  No.  2  bucket  elevator.    To  (24). 

24.  One  No.  5  trommel  with  3-mm.  round  holes.  Oversize  to  (21) ;  under- 
size to  (25). 

25.  One  No.  2  hydraulic  classifier  with  2  spigots.  1st  spigot  to  (26) ;  2d  to 
(27);  overflow  to  (14). 

26.  Two  No.  5  jigs.  3-sieve  Harz  jigs.  1st  and  2d  discharges  to  (30) ;  3d  to 
(20)  ;  1st  and  2d  hutches  to  (30) ;  3d  to  (20) ;  tailings  to  (35). 

27.  From  (25).     Two  No.  6  jigs.     3-sieve  Harz  jigs.     Products  like  (26). 

28.  Prom  (14).  Sixteen  4-foot  Frue  vanners.  Heads  to  (30);  tailings  to 
(36). 

29.  Prom  (15).    One  pair  of  No.  4  rolls, J  27  X  14  inches.    To  (32). 

30.  Prom  (26),  (27)  and  (28).     One  No.  3  bucket  elevator.     To  (31). 

31.  Prom  (17),  (18),  (19),  (30),  (33).  One  No.  4  bucket  elevator.  To 
(32). 

32.  Prom  (29)  and  (31).  Fourteen  No.  1  settling  tanks  for  concentrates, 
holding  100  tons  each,  used  in  rotation.  It  takes  24  hours  to  fill  a  tank,  48 
hours  to  settle  and  drain  it  and  24  hours  to  discharge  it.  Settlings  containing 
4%  moisture,  by  cars,  holding  1^  tons,  to  smelter;  overflow  and  drainings  to 
(33). 

33.  No.  2  settling  tanks.  3  tanks  in  series.  Spigots  to  (31)  ;  overflow  to 
(34). 

34.  One  No.  5  bucket  elevator  lifting  water  to  a  tank  which  supplies  the  jigs 
and  manners. 

35.  Prom  (19),  (26),  (27).    One  No.  6  bucket  elevator.    To  (36). 

36.  Prom  (28)  and  (35).    Tailings  launder,  1,100  feet  long,  to  waste. 


•  These  are  called  No.  1  rollfl  and  No.  8  rollfi  throuRhont  the  rest  of  the  book. 

t  Theee  are  railed  No.  4  rolls  elwwbere  throufrhont  the  book. 

X  flee  (VI)  for  the  rolls  which  are  called  No.  4  rolls  elsewhere  In  the  book. 
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The  mill  employs  23  men  per  24  hours,  divided  into  two  shifts  of  12  honre 
each :  2  engineers,  2  firemen,  2  foremen,  2  breaker  men,  4  jig  men,  2  vanner  men, 
2  pump  men,  3  trammers,  2  oilers,  1  weigher  and  1  roustabout.  Wages  vary 
from  $3  to  $4.50  per  shift.  Board*  costs  $25  per  month  without  lodging  or 
$30  with  lodging.    Wood  costs  $4  per  cord  and  coal  $3.50  per  ton. 

Power  is  furnished  by  3  fire-tube  boilers,  16  feet  long,  54  inches  diameter, 
with  tubes  3^  inches  diameter,  running  under  a  pressure  of  100  pounds  per 
square  inch  imd'  burning  6.6  tons  of  coal  per  24  hours ;  and  a  tandem  compound 
condensing  Corliss  engine  with  high  pressure  cylindicr  14  X  42  inches  and  low 
pressure  24  X  42  inches,  making  81  revolutions  per  minute  and  rated  at  200 
horse  power  with  steam  pressure  at  95  pounds  and  a  vacuum  of  21 1  inches  of 
mercury.  The  high  pressure  cylinder  cuts  off  at  \  stroke.  The  mill  an«l 
d3mamo  require  171  to  177  horse  power. 

The  water  is  obtained  principally  from  Black  Tail  Creek,  being  pumped  2,80<) 
feet  and  to  a  height  of  90  feet  through  a  10-inch  pipe  by  a  No.  5  Roots  rotary- 
pump  driven  by  a  60-horse  power  electric  motor  making  600  revolutions  per 
minute  and  using  50  amperes  with  350  volts.  The  current  is  transmitter! 
2,800  feet  through  No.  2  copper  wire  from  a  direct  current  dynamo  driven  bv 
the  mill  engine,  making  600  revolutions  per  minute  and  delivering  50  ampere> 
at  550  volts.  When  necessary,  water  is  taken  from  Silver  Bow  Creek,  but  this 
is  objectionable  as  it  has  been  already  used  by  several  mills  above.  The 
amount  of  water  pumped  to  the  mill  is  864,000  gallons  per  24  hours  and  in  addi- 
tion 200,000  gallons  are  re-elevated  by  No.  5  elevator  (34).  The  mill  wator 
is  received  in  a  tank  at  the  top  of  the  mill  and  part  of  it  flows  from  this  tank 
through  the  condenser  for  the  engine  and-  back  to  another  tank  which  supplies  the 
jigs  and  vanners. 

Assays  are  as  follows: 


Picked  imeltiiig  ore 
OoDoentntiDg  ore. . 

Goncentnttea 

TaUingB 


Co] 


T- 


18  to» 
4.5  toB.6 

10  to  18 
1.5  to  1.8 


saver. 
Ounces  per  Ton. 

ane. 
% 

% 

96  to  80 

StolO 

18  to  94 

9.5  to  8 

6to  7 
6to  8 
8tol9 

80  to  S3 
00  to  65 
Ifitol? 

One  hundred  tons  of  ore  from  the  mine  yield  about  3  tons  of  hand  picked 
copper  smelting  ore,  less  than  \  ton  of  hand  picked  zinc  ore  and  about  96  tons  of 
concentrating  ore  which  yields  32  tons  of  concentrates  andi  64  tons  of  tailings. 
The  mill  saves  80  to  85%  of  both  the  copper  and  silver. 

§  703.  Mill  No.  41.  Parrot  Silver  and  Copper  Mining  Company,  Butte. 
Montana.— Capacity  300  to  350  tons  per  24  hours,  usually,  although  it  can 
run  up  to  400  tons.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  otp 
consists  of  the  economic  minerals  chalcocite,  bomite,  chalcopyrite,  enargite,  and 
blende,  mostly  in  coarse  crystallization,  but  sometimes  finely  disseminated,  and 
a  gangue  of  quartz  and  decomposed  feldspar.  The  problem  is  to  save  the  copper 
and  silver  without  the  zinc.  The  ore  is  sorted  in  the  mine  into  rich  ore  whic!^ 
goes  to  the  smelter  and  concentrating  ore  which  is  brought  by  gravity  in  siA^ 
dumping  cars  holding  8  tons  each,  to  (1). 

1.  One  No.  1  or  receiving  bin  with  bottom  sloping  three  ways,  holding  400 
tons.     To  (2). 

2.  One  No.  1  Blake  breaker,  9  X  15  inches,  crushing  to  2  inches.     To  (3), 

3.  From  (2)  and  (7).  One  No.  1  trommel  with  15.9-ram.  round  holes. 
Oversize  to  (4)  ;  undersize  to  (8). 

4.  One  No.  2  Blake  breaker,  7  X  10  inches,  crushing  to  1  inch.     To  (5). 
6.  One  pair  of  No.  1  rolls,  30  X  15  inches.     To  (6). 
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6.  One  pair  of  No.  2  rolls,  30  X  15  inches,  set  close  together.     To  (7). 

7.  From  (6)  and  (25).     One  No.  1  bucket  elevator.     To  (3). 

8.  Prom  (3).  Two  No.  2  trommels  with  9.5-mm.  round  holes.  Oversize  to 
(17)  ;  undersize  to  (9). 

9.  Two  No.  3  trommels  vdth  6.35-mm.  round  holes.  Oversize  to  (18) ; 
undersize  to  (10). 

10.  Two  No.  4  trommels  with  3.2-mm.  round  holes.  Oversize  to  (19) ; 
undersize  to  (11). 

11.  Two  No.  1  unwatering  boxes,  each  with  one  spigot.  Spigots  to  (12) ;  over- 
flow probably  to  (14)  or  (15). 

12.  No.  1  hydraulic  classifier  with  six  spigots.  1st  spigot  to  (20)  ;  2d  to 
(21)  :  3d  to  (22) ;  4th  to  (23) ;  5th  to  (24)  ;  6th  not  used;  overflow  to  (13). 

13-  One  No.  2  hydraulic  classifier  with  six  spigots.  Spigots  to  (38) ;  over- 
flow to  (14). 

14.  Prom  (13)  and  (33).  No.  1  whole  current  box  classifier  with  eight  sets 
of  spigots  with  six  spigots  in  each  set.  1st,  2d  and  3d  sets  of  spigots  to  (38) ; 
rest  not  used;  overflow  to  (16). 

15.  One  No.  2  whole  current  box  classifier  with  four  spigots.  Spigots  to 
(38)  ;  overflow  to  (16). 

16.  From  (15)  and  (39).     Three  No.  1  settling  tanks.     Settlings  to  smelter 
overflow  to  (40). 

17.  Prom   (8).     Two  No.  1  jigs.     2-sieve  Harz  jigs.     Discharges  to   (39) 
hutches  and  tailings  by  No.  2  bucket  elo-ator  to  (25). 

18.  Prom  (9).    Two  No.  2  jigs.     3-sieve  Harz  jigs.     Discharges  to   (39) 
Ist  and  2d  hutches  to  (39) ;  3d  hutch  to  (26) ;  tailings  to  (26). 

19.  Prom  (10).     Two  No.  3  jigs.     3-8ieve  Harz  jigs.     Products  like  (18). 

20.  Prom  (12).  Two  No.  4  jigs.  3-siove  Harz  jigs.  Ist  and  2d  nligcharges 
to  (39)  ;  3d  to  (29) :  1st  and  2d  hutches  to  (39) ;  3d  to  (29) ;  tailings  to  (40). 

21.  Prom  (12).  Two  No.  5  jigs.  4-sieve  Harz  jigs.  4th  discharge  to  (29)  ; 
1st,  2d  and  3d  hutches  to  (39) ;  4th  to  (29) ;  tailings  to  (40). 

22.  Prom  (12).  Two  No.  6  jigs.  4-sieve  Harz  jigs.  1st,  2d  and  3d  hutches 
to  (39)  :  4th  to  (29)  ;  tailings  to  (40). 

23.  Prom  (12).    Two  No.  7  jigs.    4-sieve  Harz  jigs.    Products  like  (22). 

24.  Prom  (12).    Two  No.  8  jigs.    4-sieve  Harz  jigs.    Products  like  (22). 

25.  Prom  (17).  One  pair  of  No.  3  rolls,  30  X  15  inches,  set  close  together. 
To  (7). 

26.  Prom  (18),  (19)  and  (28).    One  No.  3  bucket  elevator.    To  (27). 

27.  One  pair  of  No.  4  rolls,  30  X  15  inches,  set  close  together.    To  (28). 

28.  Prom  (27)  and  (30).  One  No.  5  trommel  with  3.2-mm.  round  holes. 
Oversize  to  (26) ;  undersize  by  No.  4  bucket  elevator  to  (31). 

29.  Prom  (20),  (21),  (22),  (23),  (24),  (34),  (35),  (36)  and  (37).  One 
No.  6  bucket  elevator.    To  (30) . 

30.  One  pair  of  No.  5  rolls,  30  X  15  inches,  set  close  together.    To  (28). 

31.  From  (28).  One  No.  3  hydraulic  classifier  with  four  spigots.  1st  and  2d 
spigots  to  (34) ;  3d  and  4th  to  (35) ;  overfiow  to  (32). 

32.  One  No.  4  hvdraulic  classifier  with  four  spigots.  1st  and  2d  spigots  to 
(36)  ;  3d  and  4th  to  (37) ;  overflow  to  (38). 

33.  One  No.  5  hydraulic  classifier  with  two  spigots.  Spigots  to  (38)  ;  over- 
flow to  (14). 

34.  Prom  (31).  Two  No.  9  jigs.  3-8ieve  Harz  jigs.  1st  and  2d  discharges 
to  (39)  ;  3d  to  (29)  ;  1st  and  2d  hutches  to  (39)  ;  3d  to  (29)  ;  tailings  to  (40). 

35.  Prom  (31).  Two  No.  10  jigs.  3-sieve  Harz  jicrs.  3d  fli^»oharge  to  (29) ; 
1st  and  2d  hutches  to  (39) ;  3d  to  (29) ;  tailings  to  (40). 
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36.  From  (32).  Two  No.  11  jigs.  3-sieve  Harz  jigs.  1st  and  2d  hutches 
to  (39)  ;  3d  to  (29) ;  tailings  to  (40). 

37.  From  (32).    Two  No.  12  jigs.    3-sieve  Harz  jigs.    Products  like  (36). 

38.  From  (13),  (14),  (15)  and  (33).  Four  4-foot  Frue  vanners,  three  5-foat 
Tulloch  vanners,  two  4-foot  TuUoch  vanners,  four  4-foot  Embrey  vanners  and 
two  Improved  Embrey  vanners.    Heads  to  (39) ;  tailings  to  (40). 

39.  From  (17),  (18),  (19),  (20),  (21),  (22),  (23),  (24),  (34),  (35),  (36), 
(37)  and  (38).  No.  2  settling  tank  for  concentrates.  Settlings  to  smelter;  over- 
flow to  (16). 

40.  From  (16),  (20),  (21),  (22),  (23),  (24),  (34),  (35),  (36),  (37)  and 
( 38 ) .    Tailings  launder  to  waste. 

Power  is  furnished  by  a  steam  engine  developing  150  to  160  indicated  horse 
power.    This  engine  also  runs  the  blower  and  breaker  for  the  smelter. 

The  water  used  is  4,000  gallons  per  ton  of  ore,  or  1,200,000  to  1,600,000  gallons 
per  24  hours. 

(t)   THE  STEAM  STAMP  MILLS  CONCENTRATING  COPPER  SULPHIDES  IN  MONTANA. 

§  704.  This  group  includes  Mills  42  and  43.  They  use  (1895)  steam  stamp?, 
classifiers,  roughing  CoUom  jigs,  finishing  Collom  jigs  and  slime  tables,  or  slime 
tables  and  Tanners.  The  middlings  are  treated  by  auxiliary  steam  stamps  or 
rolls,  classifiers,  roughing  jigs,  finishing  jigs  and  tables.  The  steam  stiimps  are 
found  to  slime  the  copper  sulphides  much  more  than  rolls.*  On  this  account  in 
Mill  42  several  steps  are  taken  to  counteract  these  effects:  (1)  All  the  fines  that 
are  small  enough  for  the  Collom  jigs  are  taken  out  by  screens  before  the  ore  Ls 
fed  to  the  stamps.  (2)  The  stamp  uses  a  screen  with  large  holes,  and  on  soft 
ore  the  pulp  then  goes  to  a  revolving  screen  with  holes  small  enough  to  send 
undersize  to  Collom  jigs;  the  oversize  is  sent  to  Harz  jigs  and  the  tailings  of 
these  jigs  are  treated  as  middlings.  (3)  All  the  overflows  of  classifierg  are 
saved  and  settled  in  tanks  yielding  smelting  material. 

§  705.  Mill  No.  42.  Anaconda  Copper  Mining  Company,  Carroll  (near 
Anaconda)  Montana. — Capacity  2,500  to  2,700  tons  (later  over  3,000  ton?) 
per  24  hours,  with  six  stamps  running.  The  mill  runs  24  hours  per  day,  7 
days  per  week.  The  ore  consists  of  the  economic  minerals  chalcocite,  chalco- 
pyrite,  pyrite,  enargite  and  blende,  mostly  in  coarse  crystallization,  but  some- 
times finely  disseminated,  and  a  gangue  of  quartz  and  decomposed  feldspar. 
The  problem  is  to  save  the  copper  and  silver  without  the  zinc.  The  ore  is  hand 
picked  in  the  mine  into  rich  ore,  which  goes  to  smelter,  and  hard  concentrat- 
ing ore  and  soft  concentrating  ore,  which  go  separately  in  railroad  cars  27  miles 
to  (1)  and  (5).  The  earlier  part  of  the  mill  is  divided  into  two  sections,  one 
for  hard  ore  and  one  for  soft  ore.    Later  both  sections  come  together. 

Hard  Ore  Section. 

1.  Four  No.  1  or  receiving  bins  for  hard  ore,  with  sloping  bottoms,  holding 
about  3,000  tons  each.    By  gate  and  chute  to  (2). 

2.  Four  No.  1  vibrating  grizzlies  with  1-inch  spaces.  Oversize  is  separated 
by'hand  picking  into  rich  ore  to  smelter  and  residue  to  (4)  ;  undersize  to  (3). 

3.  Four  No.  1  trommels  with  6.35-mm.  round  holes.  Oversize  by  four  No.  1 
bucket  elevators  to  (4) ;  undersize  to  (13). 

4.  Froip  (2)  and  (3).  Four  Fraser  &  Chalmers  and  TTnion  Iron  Works 
steam  stamps  on  hard  ore,  using  screens  with  4.76  X  9.52-mm.  slots.     To  (13). 

*  At  the  date  of  publication  of  this  book  (1908)  the  use  of  steam  stamps  for  these  ores  has  beea  entirely 
given  up. 
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Soft  Ore  Section. 

5.  From  the  mine.  Pour  No.  2,  or  receiving  bins  for  soft  ore,  with  sloping 
bottoms,  holding  about  3,000  tons  each.    By  gate  and  chute  to  (6). 

6.  Four  No.  2  vibrating  grizzlies  with  1-inch  spaces.  Oversize  is  separated 
by  hand  picking  into  rich  ore  to  smelter  and  residue  to  (9) ;  undersize  to  (7). 

7.  Four  No.  2  trommels  with  12.7-mm.  round  holes.  Oversize  by  No.  2 
bucket  elevators  to  (9) ;  undersize  to  (8). 

8.  Four  No.  3  trommels  with  6.35-mm.  round  holes.  Oversize  to  (11) ; 
undersize  to  (13). 

9.  From  (6)  and  (7).  Four  Fraser  &  Chalmers  and  Union  Iron  Works 
steam  stamps  on  soft  ore,  using  screens  with  12.7-mm.  round  holes.    To  (10). 

10.  Four  No.  4  trommels  with  6.35-mm.  round  holes.  Oversize  to  (11) ; 
undersize  to  (13). 

11.  From  (8)  and  (10).  Sixteen  No.  1  jigs.  l^ie\ne  Harz  jigs.  Discharge 
and  hutch  to  (42) ;  tailings  to  (12). 

12.  One  Ball  steam  stamp  on  middlings,  using  screens  with  4.76  X  9.52-mm. 
slots.    To  (13). 

Hard  and  Soft  Ore  Sections  Together. 

13.  From  (3),  (4),  (8),  (10),  (12).  Forty-four  No.  1  hydraulic  classifiers, 
each  with  three  spigots.  Twelve  treat  stuff  from  (3)  andi  (8),  and  thirty- 
two  from  (4),  (10),  (12).  1st  spigots  to  (14) ;  2d  to  (15) ;  3d  to  (16) ;  4th 
to  (17) ;  overflow  to  (38). 

14.  Forty-four  No.  2  jigs.  2-sieve  CoUom  jigs.  Discharges  and  hutches  to 
(42)  ;  tailings  to  (18). 

15.  From  (13).  Forty-four  No.  3  jigs.  2-sieve  CoUom  jigs.  2d  discharge 
to  (42)  ;  hutches  to  (42)  ;  tailings  to  (18). 

16.  From  (13).  Forty-four  No.  4  jigs.  2-sieve  CoUom  jigs.  1st  hutch 
to  (42)  ;  2d  to  (21) ;  tailings  to  (46). 

17.  From  (13).  Forty-four  No.  5  jigs.  2-sieve  CoUom  jigs.  Products 
like  (16). 

18.  From  (14)  and  (15).  No.  1  unwatering  boxes.  Spigots  to  (19)  and 
(20)  ;  overflow  pumped  up  to  water  tank  for  steam  stamps. 

19.  Twenty-four  No.  6  jigs.  2-sieve  Collom  jigs.  Discharges  to  (30) ;  Ist 
hutch  to  (42) ;  2d  to  (24)  ;  tailings  to  (46). 

20.  From  (18).  Twenty-four  No.  7  jigs.  2-sieve  CoUom  jigs.  1st  hutch 
to  (42)  ;  2d  to  (24)  ;  tailings  to  (46). 

21.  From  (16)  and  (17).  No.  2  hvdrauUc  classifiers,  each  with  two  spigots. 
l8t  spigots  to  (22) ;  2d  to  (23) ;  overflow  to  (38).  ,     x       ^  x 

22.  Twentv-four  No.  8  jigs.  2-sieve  Collom  jigs.  1st  hutch  to  (42)  ;  2d  to 
(27) ;  tailings  to  (46).  ^  „        ..         ^    ^     , 

23.  From   (21).     Twenty-four  No.  9  jigs.     2-sieve  Collom  jigs.     Products 

like  (22).  ,      .  ^  .     . 

24.  From  (19)  and  (20).  No.  3  hydraulic  classifiers,  each  with  two  spigots. 
1st  spigots  to  (26) ;  2d  to  (26)  ;  overflow  to  (38).  , ,      ,     , 

25.  Twelve  No.  10  jigs.    2-8ieve  Collom  jigs.    Prodnicts  like  (22). 

26.  From  (24).  Twelve  No.  11  jigs.  2-sieve  CoUom  jigs.  Products  like 
(22) 

27.  Prom  (22),  (23),  (25),  (26),  (36),  (37).  No.  4  hydraulic  classifiers, 
I'aoh  with  two  spigots.     1st  spigots  to  (28)  ;  2d  to  (29)  ;  overflow  to  (38). 

2f^,  Twelve  No.  12  jigs,  g-sieye  Collom  jigs.  Hutches  to  (42) ;  taUmga  to 
(46). 
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29.  From  (27).  Twelve  No.  13  jigB.  2-sieve  Collom  jigs.  Products  like 
(28). 

30.  From  (19)  and  (31).  One  pair  of  No.  1  rolls,  22  X  16  inches,  set  dose 
together.     By  No.  3  bucket  elevator  to  (31). 

-  31.  One  No.  5  trommel  with  2.5-mm.  round  holes.  Oversize  to  (30)  ;  under- 
sizeto  (32). 

32.  Fourteen  No.  5  hydraulic  classifiers  each  with  two  spigots.  1st  spigots 
to  (33)  ;  2d  to  (34) ;  overflow  to  (38). 

33.  Fourteen  No.  14  jigs.  2-sieve  Collom  jigs.  Ist  hutch  to  (42)  ;  2d  to 
(35) ;  tailings  to  (46). 

34.  From  (32).  Fourteen  No.  15  jigs.  2-sieve  Collom  jigs.  Products  like 
(33). 

35.  From  (33)  and  (34).  No.  6  hydraulic  classifiers,  each  with  two  spigots. 
1st  spigots  to  (36) ;  2d  to  (37) ;  overflow  to  (38). 

36.  Twelve  No.  16  jigs.  2-sieve  Collom  jigs.  1st  hutch  to  (42) ;  2d  to  (27) ; 
tailings  to  (46). 

37.  From  (35).-   Twelve  No.  17  jigs.    Products  like  (36). 

38.  From  (13),  (21),  (24),  (27),  (32),  (35).  No.  1  whole  current  box 
classifiers.  Four  sets  with  four  tanks  in  series  in  each  set  and  four  spigots  in 
each  tank.     Spigots  to  both  decks  of  (39)  and  (40)  ;  overflow  to  (42). 

39.  Forty-eight  No.  1  convex  revolving  slime  tables  with  two  decks.  Heads 
of  both  decks  to  (42) ;  tailings  to  (41). 

40.  From  (38).  Twenty  No.  2  convex  revolving  slime  tables  with  one  deck. 
Heads  to  (42) ;  tailings  to  (41). 

41.  From  (39)  and  (40).  Twenty-four  No.  3  convex  revolving  slime  tables 
with  one  deck.     Heads  to  (42) ;  tailings  to  (46). 

42.  From  (11),  (14),  (15),  (16),  (17),  (19),  (20),  (22),  (23),  (25),  (26), 
(28),  (29),  (33),  (34),  (36),  (37),  (38),  (39),  (40),  (41).  Concentrates 
launkier.     To  (43). 

43.  Eight  No.  1  settling  tanks.  Settlings  by  gates  and  cars  to  smelter; 
overflow  to  (44). 

44.  Five  No.  2  settling  tanks.     Settlings  by  car  to  smelter;  overflow  to  (45). 

45.  Three  No.  3  settling  tanks  or  ponds.  Settlings  by  car  to  smelter ;  overflow 
to  (46). 

46.  From  (16),  (17),  (19),  (20),  (22),  (23),  (25),  (26),  (28),  (29),  (33), 
(34),  (36),  (37),  (41),  (45).     Waste  launder  to  the  river. 

The  mill  employs  about  300  men  per  24  hours,  divided  into  three  8-hour  shifts. 
Wages  vary  from  $1.75  per  day  for  boys  to  $3  for  stamp  men.  Power  is  fur- 
nished by  an  800-horse  power  Corliss  engine. 

Water  is  brought  from  the  river  by  a  flume  46  X  46  inches  in  section,  sloping 
6  inches  in  1,000  feet  and  running  full. 

The  concentrates  contain  12  to  20%  copper;  the  coarse  tailings  contain  1-1  to 
1J%  copper;  the  later  jig  tailings  contain  IJ  to  1\%  copper;  the  table  tailings 
contain  2%  copper.     One  hundred  tons  of  ore  yield  50  to  75  tons  of  concentrates. 

This  mill  has  introduced  Wilfley  tables  to  replace  some  of  the  machines  work- 
ing upon  fine  material. 

This  company  has  recently  replaced  its  old  mill  by  an  entirely  new  one.  The 
latter  is  really  two  mills,  in  separate  buildings  with  a  power  house  between  them- 
Each  of  the  two  mills  contains  four  entirely  independent  sections,  each  section 
having  a  rapacity  of  over  700  tons  in  24  hours,  this  time  including  all  ordinary 
shut  downs  for  renewing  crusher  plates,  etc.  The  following  is  a  description 
of  a  single  section: 

The  ore  is  ^delivered  over  two  shaking  grizzlies  with  IJ-inch  round  holes  to  a 
12  X  24-inch  Blake  breaker.     The  latter  delivers  to  two  trommels  with  IJ-incb 
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round  holes.  Each  of  these  sends  oversize  to  a  5  X  15-inch  Blake  breaker.  The 
products  of  the  latter,  together  with  the  undersize  of  the  trommels  and  of  the 
grizzlies,  go  to  a  box  which  divides  the  material  to  two  No.  1  bucket  elevators. 
Each  of  the  latter  delivers  to  a  line  of  trommels  with  22-mm.,  7-mm.,  5-mm.  and 
2^-mm.  round  holes  respectively.  To  treat  these  difiEerent  sizes  of  ore  there  are 
two  Harz  jigs  for  the  coarsest  size,  four  Harz  jigs  for  the  next  size,  and  twelve 
Evans  jigs  for  each  of  the  next  two  sizes.  The  undersize  of  the  2^-mm.  trom- 
mels goes  to  two  unwatering  boxes,  which  deliver  spigots  to  four  No.  1  Evans 
classifiers  and  overflow  to  the  tanks  feeding  the  Wilney  tables.  These  classifiers 
send  their  spigot  products  to  twelve  Evans  jigs.  All  of  the  jigs  thus  far  men- 
tioned have  two  sieves  each.  The  tailings  from  the  coarsest  Harz  jigs  go  to  one 
pair  of  No.  1  (40  X  16-inch)  rolls;  those  from  the  other  Harz  jigs  go  to  No.  2 
(40  X  16-inch)  rolls.  Both  pairs  of  rolls  deliver  to  the  No.  1  elevators.  The 
first  two  sets  of  Evans  jigs  send  tailings  and  the  third  set  sends  the  discharge 
from  the  second  sieves  to  two  large  V  tanks.  These  deliver  the  sand  by  spigots 
to  one  No.  2  elevator  and  clean  overflow  water  to  be  used  in  the  Huntington  mills 
and  as  hydraulic  water  on  the  last  finishing  jigs.  The  practically  clean  water 
flowing  over  the  tails  of  the  third  set  of  Evans  jigs  is  used  as  hydraulic  water  in 
the  No.  2  hydraulic  classifiers. 

No.  2  elevator  delivers  to  four  trommels,  with  IJ-mm.  slotted  holes,  which 
send  oversize  to  two  pairs  of  No.  3  (40  X  15-inch)  rolls  and  undersize  to  four 
Xo.  2  Evans  classifiers.  The  rolls  return  their  product  to  No.  2  elevator.  The 
No.  2  classifiers  feed  twelve  3-sieve  Evans  jigs.  These  send  tailings  to  two 
settling  tanks  which  discharge  the  sand  to  waste  and  send  the  clear  overflow  to 
be  used  as  wash  water  on  Wilfley  tables.  Middlings  from  the  last  mentioned 
jigs  go  to  one  No.  3  elevator  which  delivers  to  three  6-foot  Huntington  mills 
having  1-mm.  slotted  screens.  These  mills  deliver  to  two  unwatering  boxes 
which  send  spigots  to  four  No.  3  Evans  classifiers.  The  latter  feed  twelve 
3-sieve  Evans  jigs  which  send  tailings  to  waste  and  middlings  back  to  No.  3 
elevator  to  be  returned  to  the  Huntington  mills. 

The  overflow  from  the  hydraulic  classifiers  and  from  the  unwatering  boxes  that 
feed  the  latter  go  to  a  number  of  V-shaped  box  classifiers.  These  send  their 
products  to  seventeen  Wilfley  tables  on  the  upper  table  floor  and  sixteen  Wilfley 
tables  on  the  lower  table  floor.  The  box  classifiers  make  two  grades  of  table  feed, 
the  coarser  being  treated  on  separate  tables  from  the  finer.  All  of  the  tables 
deliver  their  middlings  either  directly  or  by  an  elevator  to  the  box  classifiers  that 
feed  the  lower  set  of  tables.  The  overflow  of  the  box  classifiers,  together  with 
the  muddy  water  from  the  Wilfley  tables,  goes  to  large  settling  ponds.  The 
fiettlingB  will  be  briquetted  and  smelted.  Concentrates  for  the  smelter  are  made 
on  all  the  jigs  and  Wilfley  tables. 

The  power  house  contains  two  Nordberg  triple  expansion  Corliss  engines 
run  condensing,  each  rated  at  2,500  horse  power  but  capable  of  developing  about 
3,600  horse  power.  There  is  also  a  Eraser  &  Chalmers  triple  expansion  Corliss 
engine,  run  condensing,  rated  at  1,000  horse  power.  This  is  held  in  reserve.  .In 
addition  to  running  the  mill  these  engines  operate  quite  a  large  amount  of  elec- 
trical machinery. 

§  706.  Mill  No.  43.  Butte  Reduction  Works,  Butte,  Montana. — Capac- 
ity 150  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The 
ore  is  purchased  from  different  mines  and  is  concentrated  and  smelted  by  this 
company.  It  consists  of  the  economic  minerals  chalcocite,  bornite,  chalcopyrite, 
pyrite  and  blende  and  a  gangue  of  quartz  and  decompopod  feldspar.  The  prob- 
i^m  is  to  save  the  copper  and  silver  without  the  zinc.  The  ore  comes  in  wagons 
with  removable  plank  bottoms  and  is  dumped  to  (1). 

1.  Five  No.  1  or  receiving  bins,  each  holding  100  tons.     By  gates  and  chutes 
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to  cars  each  holding  1^500  pounds  which  are  dumped  into  a  skip  and  hoisted 
to  (2). 

2.  One  No.  2  or  mill  bin  with  bottom  sloping  three  ways,  holding  120  tons. 
By  gate  and  chute  to  (3). 

3.  One  No.  1  grizzly  with  1-inch  spaces.     Oversize  to  (4) ;  undersize  to  (5). 

4.  From  (3)  and  (11).  A  Fraser  &  Chalmers  steam  stamp  using  screen^ 
with  11,  14  and  19-mm.  round  holes.     To  (6). 

5.  From  (3).  One  No.  1  trommel  with  11-mm.  round  holes.  Oversize  to 
(11) ;  undersize  to  (6). 

6.  From  (4),  (6)  andi  (22).  Four  No.  1  hydraulic  classifiers,  each  with 
four  spigots.  1st  spigots  to  (12) ;  2d  to  (13) ;  3d  to  (14) ;  4th  to  (15)  ;  over- 
flow to  (7). 

7.  One  No.  1  unwatering  box  with  three  spigots.  Spigots  by  No.  1  bucket  ele- 
vator to  (8) ;  overflow  to  (10). 

8.  One  No.  1  whole  current  box  classifier  with  four  spigots.  Ist  spigot  to 
(25) ;  2d  to  (26) ;  3d  to  (27) ;  4th  to  (28) ;  overflow  to  (9). 

9.  One  No.  2  whole  current  box  classifier  with  twelve  spigots.  Spigots  to 
(30);  overflow  to  (10). 

10.  From  (7)  and  (9).  Three  No.  1  settling  tanks,  only  one  used  at  a  time. 
It  takes  about  three  months  to  fill  a  tank  with  mud.  Settlings  to  smelter ;  over- 
flowto  (39). 

11.  From  (5).  One  No.  1  jig.  l-sieve  Harz  jig.  Discharge  by  belt  conveyor 
to  three  small  bins,  4X5X8  feet  deep,  with  60**  bottom,  to  go  to  smelter;  hutch 
to  (18) ;  tailings  by  No.  3  bucket  elevator  to  (4). 

12.  From  (6).  Four  No.  2  jigs.  2-sieve  modified  CoUom  jigs.  1st  dis- 
charge to  (34) ;  2d  to  (18) ;  hutches  to  (34) ;  tailings  to  (38). 

13.  From  (6).  Four  No.  3  jigs.  2-8ieve  modified  Collom  jigs.  Ist  dis- 
charge to  (34) ;  2d  to  (18) ;  1st  hutch  to  (34) ;  2d  to  (16)  ;  tailings  to  (38). 

14.  From  (6).  Four  No.  4  jigs.  2-sieve  modified  Collom  jigs.  1st  hutch 
to  (34) ;  2d  to  (17) ;  tailings  to  (38). 

15.  From  (6).  Four  No.  5  jigs.  2-sieve  modified  Collom  jigs.  1st  hutch  to 
(34) ;  2d  to  (17) ;  tailings  to  (30). 

16.  From  (13),  (23),  (24).  Two  No.  6  jigs.  2-sieve  modified  Collom  jigs. 
Ist  hutch  to  (31) ;  2d  to  (18)  ;  tailings  to  (38). 

17.  From  (14)  and  (15).  Two  No.  7  jigs.  2-siere  modified  Collom  jigs. 
Products  like  (16). 

18.  From  (11),  (12),  (13),  (16),  (17),  (19)  and  (23).  No.  1  rolls, 
30  X  16  inches,  set  close  together.    By  No.  2  bucket  elevator  to  (19). 

19.  One  No.  2  trommel  with  3-mm.  round  holes.  Oversize  to  (18) ;  undersize 
to  (20). 

20.  One  No.  3  tronmiel  with  2-mm.  round  holes.  Oversize  to  (23) ;  undersize 
to  (21). 

21.  One  No.  2  unwatering  box  with  two  spigots.  Spigots  to  (22) ;  overflow 
used  as  clear  water  on  (4),  (23)  and  (24). 

22.  One  No.  2  hydraulic  classifier.  A  flat  bottomed  box  8  X  12  X  5  inches 
deep  with  one  spigot.     Spigot  to  (24)  ;  overflow  to  (6). 

23.  From  (20).  One  No.  8  jig.  3-sieve  Harz  jig.  1st  and  2d  discharges  to 
(34) ;  3d  to  (18) ;  1st  and  2d  hutches  to  (34) ;  M  to  (16) ;  teilings  to  (38). 

24.  From  (22).  One  No.  9  jig.  3-sieve  Harz  jig.  1st  and  2d  discharges  to 
(34) ;  3d  not  used ;  1st  and  2d  hutches  to  (34) ;  3d  to  (16)  ;  tailings  to  (38). 

26.  From  (8).  One  No.  1  convex  revolving  slime  table  with  two  decks.  A 
Clark  step  table.  Heads  of  upper  deck  to  (34)  ;  middlings  to  lower  deck:  tail- 
ings to  (39).     Heads  of  lower  deck  to  (29) ;  middlings  to  (30)  ;  tailings  to  (39). 
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26.  From  (8).  One  No.  2  plain  convex  revolving  slime  table  with  two  decks. 
Products  like  (25). 

27.  From  (8).  One  No.  3  convex  revolving  slime  table  with  two  decks.  A 
Clark  step  table.     Products  like  (25). 

2%.  From  (8).  One  No.  4  plain  convex  revolving  slime  table  with  two  decks. 
Products  like  (25). 

29.  From  (25),  (26),  (27),  (28).  One  No.  2  settling  tank.  Settlings  to 
smelter;  overflow  to  (39). 

30.  From  (9),  (15),  (25),  (26),  (27),  (28).  Six  4-foot  Frue  vanners. 
Three  treat  stufif  from  (9),  one  from  (15),  and  two  from  (25),  (26),  (27),  (28). 
Heads  wheeled  to  pile  to  go  to  smelter;  tailings  to  (39). 

31.  Prom  (16),  (17),  and  (34).     One  No.  4  bucket  elevator.     To  (32). 

32.  One  No.  3  unwatering  box,  with  two  spigots.  1st  spigot  to  any  one  of 
(33)  ;  2d  to  (35) ;  overflow  used  as  clear  hydraulic  water  in  (11). 

33.  Ten  No.  3  settling  tanks,  holding  35  tons  each.  Settlings  periodically  to 
smelter;  overflow  to  (35). 

34.  From  (12),  (13),  (14),  (15),  (23),  (24),  (25),  (26),  (27),  (28).  One 
No.  4  settling  tank.     Spigot  to  (31) ;  overflow  to  (35). 

36.  From  (32),  (33),  (34).  Two  No.  5  settling  tanks.  Settlings  period^ 
ically  to  smelter,;  overflow  and  drainings  to  (36). 

36.  One  No.  6  settling  tank.  Settlings  periodically  to  smelter ;  overflow  and 
drainings  to  (37). 

37.  One  No.  7  settling  tank.  Settlings  every  two  months  to  smelter;  overflow 
to  (39). 

38.  From  (12),  (13),  (14),  (16),  (17),  (23),  (24).  Coarse  tailings  launder, 
200  feet,  to  waste  dump. 

39.  From  (10),  (25),  (26),  (27),  (28),  (29),  (30)  and  (37).  Fine  tail- 
ings launder,  150  feet,  to  waste  dump. 

The  mill  requires  16  men  per  24  hours,  divided  into  2  shifts  of  12  hours  each : 
2  engineers,  2  firemen,  2  foremen,  1  hoisting  skip  man,  2  stamp  men,  1  hoist 
man,  1  breaker  man,  2  jig  men,  2  table  men,  1  settling  tank  man..  The  engineers 
and  firemen  also  look  after  the  power  for  the  smelter.  Board  costs  $30  per 
month,  and  slack  coal  $3.60  per  ton. 

Power  is  furnished  by  two  fire  tube  boilers,  48  inches  diameter,  14  feet 
long  with  52  tubes  3  inches  diamteter,  running  under  a  steam  pressure  of  95 
pounds  per  square  inch  and  burning  5  tons  of  slack  coal  per  24  hours,  and  an 
engine  with  cylinder  16  X  42  inches  making  65  revolutions  per  minute. 

Water  is  pumped  from  a  distance  of  40  feet  and  up  a  height  of  43  feet  from 
Silver  Bow  Creek  by  a  Root  rotary  pump  making  52  revolutions  per  minute  and 
delivering  1,200  gallons  per  minnte.  Some  water  is  also  used  over  as  indicated 
in  the  mill  scheme. 

The  crude  ore  contains  3  to  8%  copper  and  3  to  10  ounces  silver  per  ton ;  the 
concentrates  contain  6  to  16%  copper  and  6  to  20  ounces  silver,  and  the  tailings 
contain  0.8  to  1.8%  copper  and  0.8  to  3.0  ounces  silver  per  ton.  One  hundred 
tons  of  ore  yield  35  to  40  tons  of  concentrates  and  60  to  65  tons  of  tailings.  The 
mill  saves  70  to  85*%  of  the  copper  and  silver. 

This  mill  has  been  enlarged  to  have  a  capacity  of  500  tons  per  24  hours,  and 
the  steam  stamp  has  been  gfiven  up  on  account  of  the  large  amount  of  slimes 
which  it  produced.  Graded  crushing  by  breakers  and  rolls  is  now  used  and  con- 
centrates are  made  by  the  jigs  as  coarse  as  1  inch.  Some  of  the  tailings  which 
formerly  went  to  waste  are  now  recrushed  and  treated  on  Wilflev  tables  (see 
§493). 
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(/)     COMPLEX    JIGGING    MILLS    DRESSING    NATIVE    COPPER    AT    LAKE    SUPERIOR, 
USING    STEAM    STAMPS,    CLASSIFIERS,    JIGS    AND    TABLES. 

§  707.  This  group  includes  Mills  44  to  48  inclusive.  The  mine  rock  carrying 
the  native  copper  is  either  a  rhyolite  conglomerate,  an  amygdaloid,  or  a  Vein 
stone.  In  all  of  them  the  copper  is  in  larger  or  smaller  irregular  jagged  frag- 
ments scattered  through  the  rode.  When  in  large  masses  it  is  cut  up  in  the  mine 
by  trenching  the  mass  with  chisels.  Smaller  masses  are  blasted  out  and  cleaned 
hy  steam  hammer,  drop  hammer  or  hand  hammer.  Sizes  smaller  still  are  crushed 
by  steam  stamps,  in  which  the  larger  fragments  are  broken  and  then  abraded  intx) 
rounded  nuggets  until  the  time  for  cleaning  out  the  mortar  arrives.  The 
smaller  are  severed  from  the  rock  and  broken  up  or  remain  attached  to  the  rock 
as  included  grains;  these  all  pass  out  through  the  screen  to  the  concentrating 
machines.  The  copper  coming  from  the  stamps  takes  the  following  forms  which 
are  easy  or  difficult  of  separation  as  indicated:  large  nuggets  from  the  mortar, 
easy;  compact  rounded  grains,  easy;  compact  broken  grains,  easy;  thin  leaf- 
like grains,  difficult;  thin  branching  forms,  difficult;  copper  included  in  rotk. 
difficult;  very  fine  abraded  copper,  difficult.  The  separation  is  also  rendered 
difficult  by  heavy  minerals  epidote  and  iron  oxide  (probably  martite  or 
octahedral  hematite).  The  metal  worn  oflE  the  stamp  shoes  and  drill  sted  L^ 
present  but  in  very  small  quantity. 

The  conglomerate  mills  have  to  contend  with  the  fine  abraded  copper,  the 
included  grains  and  the  thin  flaky  arborescent  forms.  The  amygdaloid  mills^ 
have  the  same  except  that  the  included  grains  are  much  less  in  amount.  The 
latter  mills  can  on  this  account  bring  down  the  copper  contents  of  the  tailings 
to  a  much  lower  percentage  than  the  former.  Mill  44  treats  included  grain* 
by  grinder,  classifier  and  jigs.  Mills  45,  46,  47  and  48  send  middlings  back  to 
the  steam  stamp. 

Eolls  for  crushing  native  copper  rock  have  been  tried  and  given  up  because  of 
the  large  percentage  of  copper  in  thin  forms  which  floated  off  in  the  jig  tailings. 
Stamps  break  them  up  small  enough  to  have  normal  settling  capacity.  The 
chief  objection  to  stamps  is  the  amount  of  very  fine  abraded  copper  made  by  them. 
The  two  directions  to  look  for  improvements  are:  (1)  to  catch  the  fine  tank 
overflows  and  treat  them;  (2)  to  adopt  measures  to  diminish  the  formation  of 
abraded  copper,  by  taking  out  copper  nugs^ets  earlier  from  the  mortar.  Th«» 
schemes  to  do  the  latter  are  given  at  the  ends  of  Mills  44  and  48  and  the  resultj^ 
of  the  experiments  which  led  to  the  adoption  of  the  scheme  in  Mill  48  have  been 
given  in  §  118. 

These  mills  use  hydraulic  classifiers  upon  quite  coarse  material  (4.76  mm.). 
They  seek  to  avoid  losses  of  fines  in  jigging,  which  would  result  from  the  imper- 
fections of  hydraulic  classifiers,  by  first  running  the  material  over  roughing  jisiJ^ 
which  have  a  loose  whole  bed  and  thus  deliver  some  sand  into  the  hutch  with  the 
copper  and  then  by  re-treating  these  hutch  products  slowly  and  gently  on  finishin? 

jigs- 

The  coupling  up  of  two  dissimilar  machines  to  supplement  each  other,  the  one 

fo  make  clean  heads  and  the  other  to  make  clean  tailings,  occurs  in  these  mills. 
The  heads  of  the  slime  tables  are  enriched  in  Mills  45  and  46  by  kieves  and  in 
Mill  47  by  tye  and  kieve.  The  kieve  tops  go  back  to  the  tables.  The  tailingi^ 
of  the  tables  are  considered  sufficiently  clean  to  throw  away.  In  the  very  latest 
arrangement  of  mills  (1902)  the  slime  tables  and  Wilfley  tables  are  coupled 
together  in  this  same  way,  the  former  making  clean  tailings  and  the  latter  clean 
heads. 

§  708.  Mill  No.  44.  Calumet  and  Hegla  Mining  Company,  CALtncKT, 
MiciriGAN. — Capacity  2,640  tons  in  24  hours  for  each  of  the  two  mills.     The 
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mill  runs  24  hours  per  day,  6  days  per  week.  The  ore  consists  of  the  economic 
minerals  native  copper  and  a  little  native  silver,  and  a  gangue  of  rhyolite  con- 
glomerate carrying  a  little  calcite,  epidote  and  martite.  The  problem  is  to  save 
the  copper  and  silver.  The  ore  is  hoisted  from  the  mine  in  skips  holding  5,000 
and  10,000  pounds  and  dumped  upon  (1). 

There  are  eleven  rock  houses,  one  for  each  shaft,  all  alike  and  only  one  of  them 
will  be  described. 

Rock  House. 

1.  One  No.  1  grizzly  with  S^-inch  spaces.  Oversize  is  hand  picked  on  the 
grizzly  into:  (a)  copper  nuggets  to  (32) ;  (6)  waste  used  for  filling;  and  (c) 
residue  or  milling  rock  to  (2) ;  undersize  to  (6). 

2.  One  No.  1  Blake  breaker,  24  X  36  inches,  crushing  to  12  inches.    To  (3). 

3.  One  No.  2  grizzly  with  3J-inch  spaces.  Oversize  is  hand  picked  on  the 
grizzly  into:  (a)  copper  nuggets  to  (32) ;  (6)  waste  for  filling;  and  (c)  residue 
to  (4)  ;  undersize  to  (5). 

4.  One  No.  2  Blake  breaker,  17  X  24  inches,  crushing  to  3^  inches.     To  (5). 

5.  From  (1),  (3)  and  (4).  Rock  house  bins,  40  X  50  feet  and  10  to  20  feet 
deep,  with  double-V  bottom  and  14  gates.  By  gates  and  chutes  to  railroad  cars 
hauled  5  miles  to  (6). 

Mill. 

There  are  two  entirely  independent  mills,  the  Calumet  an-d  the  Hecla,  just 
alike,  with  11  independent  sections  in  each.  Only  one  section  of  the  Calumet 
mill  will  be  described. 

6.  Mill  bin,  with  flat  bottom,  holding  about  1,000  tons.     By  gate  to  (7). 

7.  Picking  chute.  Copper  nuggets  to  (32)  ;  rich  copper  rock  to  (8)  just 
before  clean  up ;  wood,  chips,  etc.,  to  waste ;  residue  to  (8). 

8.  Prom  (7)  and  (9).  One  Leavitt  steam  stamp  using  a  screen  with 
4.76-mm.  round  holes.  Pulp  by  distributor  to  (10)  ;  residue  in  mortar  at  time  of 
clean  up  to  (9). 

9.  One  No.  1  or  cover  jig.  1-sieve  cam  driven  spring  return  jig.  There  is 
only  one  jig  for  the  whole  eleven  sections  of  the  mill.  Bottom  skimmings  and 
hutch  by  bucket  to  (32) ;  top  skimmings  and  tailings  to  (8). 

10.  From  (8).  Four  No.  1  hydraulic  classifiers,  each  with  four  spigots.  1st 
spigot  to  (11) ;  2d  to  (12)  ;  3d  to  (13) ;  4th  to  (14) ;  overflow  to  (22). 

11.  From  (10)  and  (12).  Four  No.  2  jigs  or  No.  1  roughing  jigs.  2-sieve 
Collom  jigs.  1st  and  2d  bottom  skimmings,  1st  discharge  and  Ist  hutch  by  jerk- 
ing trough  conveyor  to  picking  table,  where  native  silver  is  removed  while  the 
copper  goes  to  (32)  ;  2d  discharge  to  (25) ;  2d  hutch  to  (15) ;  tailings  to  (19). 

12.  From  (10)  and  (13).  Four  No.  3  jigs  or  No.  2  roughing  jigs.  2-sieve 
Collom  jigs.  Bottom  skimmings  to  (11);  2d  discharge  to  (25);  hutches  to 
(16);  tailings  to  (19). 

13.  From  (10)  and  (14).  Four  No.  4  jigs  or  No.  3  roughing  jigs.  2-sieve 
Collom  jigs.     Bottom  skimmings  to  (12) ;  hutches  to  (17)  ;  tailings  to  (33). 

14.  Prom  (10).  Four  No.  5  jigs  or  No.  4  roughing  jigs.  2-sieve  Collom 
jigB.    Bottom  skimmings  to  (13)  ;  hutches  to  (18)  ;  tailings  to  (33). 

15.  Prom  (11)  and  (16).  Two  No.  6  jigs  or  No.  1  flnishing  jigs.  S-sieve 
Collom  jigs.  2d  and  3d  bottom  skimmings  to  (25) ;  1st  and  2a  discharges  to 
(31)  ;  hutches  to  (31)  ;  tailings  to  (33). 

16.  From  (12).  Two  No.  7  jigs  or  No.  2  flnishing  jigs.  3-sieve  Collom 
jigs.  2d  bottom  skimmings  to  (25)  ;  3d  to  (15) ;  1st  discharge  to  (31)  ;  hutches 
to  (31)  ;  tailings  to  (33). 
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17.  From  (13).  Two  No.  8  jigs  or  No.  3  finishing  jigs.  S-sieve  Collom  ji^-^. 
1st  bottom  skimming's  to  (25)  ;  2d  to  (21) ;  3d  to  (31)  ;  hutches  to  (31)  ;  tail- 
ings to  (33). 

18.  From  (14).  Two  No.  9  jigs  or  No.  4  finishing  jigs.  3-sieve  Collom  jigs. 
Bottom  skimmings  and  hutches  to  (31) ;  tailings  to  (33). 

19.  From  (11)  and  (12).  Two  No.  I  distributors  each  dividing  the  material 
into  four  parts.     To  (20). 

20.  Eight  No.  10  jigs  or  rejiggers.  l-sieve  Collom  jigs.  Bottom  skimmings 
and  discharge  to  (25)  ;  hutch  to  (21) ;  tailings  to  (33). 

21.  From  (17)  and  (20).  Two  No.  11  jigs  or  rejigger  finishers.  2-sieve 
Collom  jigs.     Bottom  skimmings  to  (25) ;  hutches  to  (31) ;  tailings  to  (33). 

22.  From  (10)  and  (26).  One  No.  1  distributing  tank  with  9  spigots.  I 
Spigots  by  centrifugal  pump  and  No.  2  distributor  to  upper  decks  of  (23) ;  over-  j 
flow  to  (33).  I 

23.  Two  No.  1  convex  revolving  slime  tables  each  with  two  decks.  Heads  of 
upper  deck  to  (31) ;  middlings  to  lower  deck;  tailings  to  (33).  Heads  of  lower 
deck  to  (31)  ;  middlings  to  (24) ;  tailings  to  (33). 

24.  Two  No.  2  convex  revolving  slime  tables,  each  with  two  decks.  As  all 
the  sections  of  the  mill  are  never  run  at  a  time,  the  two  No.  1  tables  of  an  idle 
section  receive  the  middlings  from  the  ten  tables  of  five  sections  which  are 
running.     Heads  to  (31)  *;  tailings  to  (33). 

25.  From  (11),  (12),  (15),  (16),  (17),  (20),  (21).  Heberli  mills.  There 
are  two  of  these  for  eleven  sections  of  the  mill.  They  grind  to  0.1  inch.  To 
(26). 

26.  Two  No.  2  hydraulic  classifiers  for  eleven  sections  of  the  mill,  each  with 
three  spigots.  1st  spigot  to  (27) ;  2d  to  (28) ;  3d  to  (29) ;  overflow  to  (22)  in 
one  section  of  the  mill  in  addition  to  its  regular  work. 

27.  Two  No.  12  jigs  or  No.  1  grinder  jigs.  3-sieve  Collom  jigs.  Bottom 
skimmings  to  (31) ;  1st  and  3d  discharges  to  (31) ;  1st  and  2d  hutches  to  (31)  ; 
3d  to  (30)  ;  tailings  to  (33). 

28.  From  (26).  Two  No.  13  jigs  or  No.  2  grinder  jigs.  3-sieve  Collom  jigs. 
Bottom  skimmings  to  (31) ;  3d  discharge  to  (31) ;  1st  hutch  to  (31) ;  2d  and  3d 
to  (30) ;  tailings  to  (33). 

29.  From  (26).  Two  No.  14  jigs  or  No.  3  grinder  jigs.  3-sieve  Collom  jigs. 
Bottom  skimmings  to  (31) ;  3d  discharge  to  (31) ;  hutches  to  (30) ;  tailings  to 
(33). 

30.  From  (27),  (28),  (29).  Two  No.  15  jigs  or  grinder  finishing  jigs. 
2-sieve  Collom  jigs.     Bottom  skimmings  and  hutches  to  (31) ;  tailings  to  (33). 

31.  From  (15),  (16),  (17),  (18),  (21),  (23),  (24),  (27),  (28),  (29),  (30). 
Settling  tanks  for  concentrates.     Settlings  to  (32)  ;  overflow  to  (33). 

32.  From  (1),  (3),  (7),  copper  nuggets.  From  (9),  (11),  (31),  copper 
concentrates  called  mineral  copper.     Bv  shipping  car  to  smelter. 

33.  From  (13).  (14),  (15),  (16),  (17),  (18),  (20),  (21),  (22),  (23),  (24), 
(27),  (28),  (29),  (30),  (31).  Two  sand  wheels,  one  for  each  mill,  lifting  to 
main  waste  launder  delivering  to  the  lake.  There  are  also  two  more  sand  wheels, 
held  in  reserve. 

Power  for  the  steam  stamps  of  both  mills  and  the  mill  engine  is  furnished  by 
17  Belpair  boilers  running  under  a  steam  pressure  of  120  pounds  per  square 
inch.  A  triple  expansion  engine  with  cylinders  18  X  60,  27f  X  60,  and  48  X  60 
inches,  making  58  revolutions  per  minute  and  developing  750  indicated  horse 
power,  runs  the  two  mills,  the  two  sand  wheels  and  the  machine  shop.  Lar^ 
spare  engines  with  single  expansion  are  installed  in  various  departments  to  be 
used  in  case  of  accident.  Each  rock  house  has  an  engine  indicating  60  to  65  horse 
power- 
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Water  is  pumped  from  Torch  Lake  by  a  triple  expansion  pumping  engine 
with  two  differential  plungers.  It  delivers  40,000,000  gallons  per  24  hours, 
which  is  the  amount  used  when  16  sections  of  the  mills  are  in  use.  The  max- 
imum capacity  is  60,000,000  gallons.  There  are  three  smaller  pumps  for  use  in 
case  of  break. 

The  mill  gives  out  no  analyses.  The  ore  formerly  ran  4  or  6%  copper,**  but  it 
is  now  running  somewhat  less  than  these  figures.  The  concentrates  contain 
about  65%  copper. 

One  section  of  the  mill  has  been  used  for  experimental  work  for  designing 
the  new  mill  with  six  sections  and  has  undergone  many  changes.  Otherwise  the 
mill  has  been  very  little  changed  except  for  the  introduction  of  shaking  picking 
tables  in  place  of  the  picking  chutes  (7). 

The  new  mill  is  radically  different  from  the  old.  The  six  sections  are  alike 
and  one  section  is  about  as  follows:  The  rock  is  brought  by  a  belt  conveyor  to 
the  Lieavitt  steam  stamp  which  has  a  4.76-mm.  cylindrical  screen  and  also 
"mortar  discharges"  or  "mortar  jigs."  These  consist  of  four  openings  in  the 
side  of  the  mortar,  each  about  1^  X  12  inches,  just  below  the  lower  edge  of  the 
screen.  Each  opening  leads  down  to  a  sieve  below  with  25-mm.  holes.  The 
sieves  have  connections  with  jigging  plungers  which  subject  the  material  on  the 
sieves  to  a  regular  jigging  action.  The  coarser  nuggets  of  copper  accumulate  on 
the  sieve  and  are  removed  periodically  through  a  side  opening;  the  smaller  copper 
nuggets  which  pass  through  the  sieve  into  the  hutch  are  likewise  drawn  off  at 
intervals.  The  stamped  rock  issuing  through  the  4.76-mm.  screen  goes  to  two 
large  2-sieve  jigs  followed  by  two  large  3-sieve  jigs.  By  this  arrangement  the 
material  is  treated  successively  by  five  sieves,  the  tailings  from  the  first  going  to 
the  second  and  so  on.  The  first  sieves  yield  concentrates  to  the  smelter  and 
slimes,  taken  off  by  a  special  arrangement,  to  slime  tables  after  being  unwatered. 
The  second  sieves  yield  discharge  to  smelter  and  hutch  to  two  little  hydraulic 
classifiers.  The  third,  fourth  and  fifth  sieves  yield  discharges  to  a  Chili  mill, 
hutches  to  the  two  little  hydraulic  classifiers  and  final  tailings  to  waste.  The 
product  of  the  Chili  mill  is  separated  on  two  Wilfley  tables  into  clean  heads  and 
tailings.  The  two  little  hydraulic  classifiers  yield  spigot  product  to  smelter  and 
ovorflow.  after  unwatering,  to  two  Wilfley  tables.  The  products  of  these  are  clean 
headi?  and  tailings,  and  middlings  which  are  re-treated  on  another  Wilfley.  The 
middlings  from  this  last  Wilfley  go  to  the  above  mentioned  Chili  mill.  The 
tailings  of  the  convex  revolving  slime  tables  treating  slimes  from  the  first  sieves, 
are  waste  while  the  concentrates  are  further  enriched  on  four  Wilfley  tables 
making  clean  heads  and  tailings,  and  middlings  which  are  unwatered  and  sepa- 
rated on  one  more  Wilfley  into  clean  heads  to  smelter  and  tailings  to  waste. 

§  709.  Mill  No.  45.  Franklin  Mining  Company,  Hancock,  Michigan. — 
Capacity  450  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  six  days  per 
week.  The  ore  consists  of  the  economic  mineral  native  copper  and  a  little  native 
silver,  filling  cavities  in  a  gangue  of  soft  amygdaloid  rock.  The  problem  is  to 
pave  the  copper  and  silver.  The  rock  is  brought  from  the  rock  house  to  the  mill 
by  an  incline  in  cars  holding  2 J  tons  each  and  dumped  upon  (1). 

1.  Two  receiving  bins  each  holding  75  tons.     To  (2). 

2.  Three  picking  chutes.  Wo(Wl  and  barren  rock  to  waste;  rich  copper  rock 
to  (3)  just  before  clean  up;  residue  to  (3). 

3.  From  (2).  (4),  (6),  (7),  (8),  (9),  (10).  Three  Ball  steam  stamps  using 
pcreens  with  4.76-mm.  round  holes.  Pulp  to  (5) ;  residue  in  mortar  at  time  of 
clean  up  to  (4). 

4.  A  trough  washer.  Heads  called  cover  work,  after  hand  picking  for  native 
f^ilver,  to  smelter  as  No.  1  copper;  tailings  to  (3). 
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5.  From  (3).  Six  No.  1  hydraulic  classifiers,  each  with  three  spigots.  1ft 
spigots  to  (6)  ;  2d  to  (7) ;  3d  to  (8) ;  overflow  to  (14). 

6.  Six  No.  1  jigs.  2-6ieve  Collom  jigs.  1st  bottom  skimmiDgs,  after  hand 
picking  for  silver,  to  smelter  as  No.  1  copper;  2d  to  (3) ;  hutches  to  (9)  ;  tailiiig> 
to  (18). 

7.  From  (5).  Six  No.  2  jigs.  2-8ieve  Collom  jigs.  1st  bottom  skimmings  to 
smelter  as  No.  1  copper;  2d  to  (3) ;  hutches  to  (9) ;  tailings  to  (18). 

8.  From  (5).  Six  No.  3  jigs.  2-sieve  Collom  jigs.  1st  bottom  skimmings  to 
smelter  as  No.  1  copper;  2d  to  (3) ;  hutches  to  (10) ;  tailings  to  (18). 

9.  From  (6)  and  (7).  Six  No.  4  jigs  or  No.  1  finishing  jigs.  3-6ieve  Collom 
jigs.  Ist  and»  2d  bottom  skimmings  to  smelter  as  No.  2  copper;  3d  to  (3)  ;  1st 
and  2d  hutches  to  smelter  as  No.  2  copper;  3d  to  (13) ;  tailings  to  (11). 

10.  From  (8).  Six  No.  5  jigs  or  No.  2  finishing  jigs.  3-sieve  Collom  jigs. 
Products  like  (9). 

11.  From  (9)  and  (10).  Two  No.  1  runs  used  alternately.  Settlings  to 
(13);  overflow  to  (12). 

12.  One  No.  2  run.     Settlings  to  (13) ;  overflow  to  (18). 

13.  From  (9),  (10),  (11),  (12).  Four  No.  6  jigs  or  rejiggers.  1-sieve 
Collom  jigs.    Hutches  to  smelter  as  No.  2  copper;  tailings  to  (18). 

14.  Prom  (5)  and  (17).  Three  No.  1  distributing  tanks.  Spigots  to  (15) ; 
overflow  to  (18). 

16.  Four  convex  revolving  slime  tables.  Heads  to  (16)  ;  middlings  to  (17) ; 
tailings  to  (18). 

16.  One  kieve.  Tops  or  tailings  to  (17) ;  middles  returned  to  kieve ;  bottoms  or 
heads  to  smelter  as  No.  3  copper. 

17.  From  (15)  and  (16).  One  feeder  and  centrifugal  pump  with  2-incli  dis- 
charge pipe.     To  (14). 

18.  From  (6),  (7),  (8),  (12),  (13),  (14),  (15).  Sand  wheel  lifting  444 
tons  of  sand,  and  3,744,000  gallons  of  water  per  24  hours,  up  22  feet  to  waste 
launder  delivering  to  Portage  Lake. 

The  coarse  part  of  the  mill  is  divided  into  three  sections  so  that  one-third  or 
two-thirds  of  the  mill  can  be  shut  down  if  desired. 

Power  is  furnished  by  an  engine  run  by  the  exhaust  steam  from  the  three 
steam  stamps,  receiving  it  at  a  pressure  of  7  pounds  per  square  inch  and  deliver- 
ing it  into  a  vacuum  equal  to  23^  inches  of  mercury  obtained  by  a  jet  condenst»r 
and  an  air  pump.  The  engine  has  a  cylinder  36  X  48  inches  and  makes  60  revo- 
lutions  per  minute.  A  portion  of  the  exhaust  steam  also  runs  the  Cornish  pump 
which  supplies  the  water  for  the  mill.  Any  excess  is  used  for  heating  the  feed 
water  to  the  boilers. 

One  hundred  tons  of  rock  yield  330  to  400  pounds  of  cover  work  from  (4^. 
2,200  pounds  of  mineral  copper  from  the  other  machines  and  about  98^  tons  of 
tailings.  The  four  rejiggers  (13)  save  about  50  pounds  of  mineral  per  day  con- 
taining 25%  copper. 

This  mill  was  burned  and  a  new  mill  has  been  constructed  with  a  capacity  of 
1,350  tons  in  24  hours.  It  has  three  modern  steam  stamps  and  the  arran^i^ 
ment  of  the  washing  machines  is  according  to  the  regular  Lake  Superior  practice, 
using  roughing  jigs,  finishing  jigs  and  slime  tables  much  like  Mill  47.  Power 
is  furnished  by  two  Stirling  water  tube  boilers  of  500  horse  power  each  and*  an 
Allis-Corliss  engine  with  cylinder  16  X  22  inches.  Water  is  supplied  by  an 
Allis  pump  with  a  capacity  of  15,000,000  gallons  per  24  hours. 

§  710.  Mill  No.  46.  Osceola  Consolidated  Mining  Company,  Houohtox 
County,  Michigan.— Capacity  1,260  tons  in  24  hours.  The  mill  runs  24  hour? 
per  day,  6  days  per  week.  The  ore  consist,«  of  the  economic  mineral  native  cop- 
per and  a  gangue  of  amygdaloid  with  a  little  calcite,  prehnite  and  magnetite. 
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Rock  similar  to  Mill  44  is  also  treated  in  one  section  of  the  mill.  The  problem 
is  to  save  the  copper.  The  rock  is  hoisted  in  skips  holding  4,000  pounds  and 
dumped  upon  (1). 

There  are  two  rock  houses,  just  alike,  of  which  only  one  will  be  described. 

Rock  House, 

1.  Two  grizzlies  with  3J-inch  spaces.     Oversize  to  (2) ;  undersize  to  (6). 

2.  Sledging  and  picking  floor.  Mass  copper  and  largest  rock  lumps  to  (3)  : 
large  rock  lumps  to  (4)  ;  small  rock  to  (5) ;  fine  stuff  to  (C) ;  barren  rock  to  waste 
dump. 

3.  Fall  hammer.     Cleaned  mass  copper  to  smelter;  fine  copper  rock  to  (6). 

4.  From  (2).  One  No.  1  Blake  breaker,  14  X  22  inches,  crushing  to  4  inches. 
To  (6). 

5.  From  (2).  One  No.  2  Blake  breaker,  13  X  20  inches,  crushing  to  4  inches. 
To  (6). 

6.  From  (1),  (2),  (3),  (4),  (5).  No.  1  or  rock  house  bin  with  a  double-V 
bottom.     By  8  chutes  to  hopper-bottomed  cars  holding  12^  tons,  5  miles  to  (7). 

Mill. 

7.  No.  2  or  mill  bins  with  bottoms  sloping  45**,  holding  about  2,600  tons. 
To  (8). 

8.  Six  picking  chutes,  fed  with  water.  Rich  copper  rock  to  (9)  just  before 
clean  up;  wood,  chips^  etc.,  to  waste;  residue  to  (9). 

0.  From  (8),  (10),  (12),  (13),  (14),  (15),  (IG),  (17),  (18),  (19),  (20), 
(21),  (22),  (23).  (25),  (2fi),  (27),  (28),  (29),  (30),  (31),  (32).  Six  steam 
stamps ;  Nos.  1,  2,  3  and  4  are  Ball  stamps.  No.  5  is  a  Cuyahoga  and  No.  6  is  an 
Allis.  They  use  screens  with  4.76-mm.  round  holes.  Pulp  by  six  distributors 
to  (11)  ;  residue  in  mortar  at  time  of  clean  up  to  (10). 

10.  A  trough  washer.     Heads,  called  cover  work,  to  smelter;  tailings  to  (9). 

11.  From  (9).  Eighteen  No.  1  hydraulic  classifiers.  No.  1  Ball  stamp  has 
three  Lake  Superior  hog  trough  classifiers,  each  with  four  spigots.  No.  2  Ball 
has  two  Lake  Superior  hog  trough  classifiers  and  one  Tamarack  classifier,  each 
with  four  spigots;  No.  3  and  No.  4  Ball  stamps  each  have  three  Tamarack  classi- 
fiers with  four  spigots  each.  The  Cuyahoga  and  Allis  stamps  each  have  three 
Tamarack  classifiers  with  six  spigots  each.  1st  spigots  of  the  6-spigat  classifiers 
to  (12)  ;  2d  to  (13) ;  3d  to  (14) ;  4th  Xo  (15)  ;  5th  to  (16) ;  6th  to  (17)  ;  over- 
flow  to  (34).  1st  spigots  of  the  4-spigot  classifiers  to  (25) ;  2d  to  (26) ;  3d  to 
(27) ;  4th  to  (28)  ;  overflow  to  (34). 

The  jigs  are  divided  into  six  sections.  Those  for  the  Cuyahoga  and  Allis 
stamps  are  just  alike  and  only  the  Allis  section  will  be  described.  Those  for 
each  of  the  Ball  stamps  are  alike  and  only  one  section  will  be  described. 

Jigs  for  Allis  Section. 

12.  Three  No.  1  jigs  or  No.  1  roughing  ji^s.  2-sieve  Collom  jigs.  1st  bottom 
skimmings  are  No.  1  copper  to  (40) ;  2d  discharge  to  (9) ;  1st  hutch  to  (18) ; 
2d  to  (19) ;  tailings  to  (41). 

13.  From  (11).  Three  No.  2  jigs  or  No.  2  rousrhinff  jigs.  2-sieve  Collom 
jips.  Ist  bottom  skimmings  are  No.  1  copper  to  (40)  ;  2d  to  (9) ;  Ist  hutch  to 
(18)  ;  2d  to  (19)  ;  tailings  to  (41). 

14.  Prom  (11),  (15),  (16),  (17).    Three  No.  3  jigs  or  No.  3  roughing  jig?. 
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2-sieve  CoUom  jigs.    1st  bottom  skimmings  are  No.  1  copper  to  (40)  ;  2d  to  (9) ; 
1st  hutch  to  (20) ;  2d  to  (21) ;  tailings  to  (41). 

15.  From  (11).  Three  No.  4  jigs  or  No.  4  roughing  jigs.  2-sieve  Colloni 
jigs.  1st  bottom  skimmings  to  (14) ;  2d  to  (9) ;  1st  hutch  to  (20) ;  2d  to  (21) ; 
tailings  to  (41). 

16.  From  (11).  Three  No.  5  jigs  or  No.  5  roughing  jigs.  2-sieve  Collom  jig^ 
1st  bottom  skimmings  to  (14) ;  2d  to  (9) ;  1st  hutch  to  (22) ;  2d)  to  (23)  ;  tailings 
to  (41). 

17.  From  (11).  Three  No.  6  jigs  or  No.  6  roughing  jigs.  2-sieve  CoUoin 
jigs.    Products  like  (16). 

18.  From  (12)  and  (13).  One  No.  7  jig  or  No.  1  finishing  jig.  S-g^iere 
Collom  jig.  1st  bottom  skimmings  are  No.  2  copper  to  (40)  ;  2d  are  No.  4 
copper  to  (40) ;  3d  to  (9) ;  1st  hutch  is  No.  2  copper  to  (24) ;  2d  is  No.  3 
copper  to  (24) ;  3d,  to  be  kieved,  to  (24) ;  tailings  to  (41). 

19.  From  (12)  and  (13).  One  No.  8  jig  or  No.  2  finishing  jig.  3-sieve 
Collom  jig.  1st  bottom  skimmings  are  No.  3  copper  to  (40) ;  2d  are  No.  4 
copper  to  (40) ;  3d  to  (9)  ;  1st  hutch  is  No.  3  copper  to  (24) ;  2d  is  No.  4 
copper  to  (24) ;  3d.,  to  be  kieved,  to  (24) ;  tailings  to  (41). 

20.  From  (14)  and  (15).  One  No.  9  jig  or  No.  3  finishing  jig.  S-sieve 
Collom  jig.  1st  bottom  skimmings  are  No.  2  copper  to  (40) ;  2d  are  No.  4 
copper  to  (40) ;  3d  to  (9)  ;  1st  hutch  is  No.  2  copper  to  (24) ;  2d  is  No.  4 
copper  to  (24) ;  3d,  to  be  kieved,  to  (24) ;  tailings  to  (41). 

21.  From  (14)  and  (15).  One  No.  10  jig  or  No.  4  finishing  jig.  3-sieve 
Collom  jig.    Products  like  (19). 

22.  From  (16)  and  (17).  One  No.  11  jig  or  No.  5  finishing  jig.  3-sieve 
Collom  jig.  1st  and  2d  bottom  skimmings  are  No.  4  copper  to  (40)  *;  3d  to  (9) ; 
1st  hutch  is  No.  4  copper  to  (24) ;  2d  and  3d,  to  be  kieved,  to  (24)  ;  tailings 
to  (41). 

23.  From  (16)  and  (17).  One  No.  12  jig  or  No.  6  finishing  jig.  3-sieve 
Collom  jig.    Products  like  (22). 

24.  From  (18),  (19),  (20),  (21),  (22),  (23).  Three  sets  of  settling  tank.^ 
for  concentrates,  called  "copper  boxes,"  with  7  boxes  in  each  set  (see  §442>. 
No.  1  quality  copper  to  (40) ;  No.  2  quality  copper  to  (40) ;  No.  3  quality 
copper  to  (40) ;  No.  4  quality  copper  to  (40) ;  material  to  be  kieved  to  (38) ; 
overflow  to  (41). 

Jigs  for  One  Ball  Section, 

25.  From  (11).  Three  No.  1  jigs  or  No.  1  roughing  jigs.  2-8ieve  Collom 
jigs.  1st  bottom  skimmings  are  No.  1  copper  to  (40)  ;  2d  to  (9) ;  1st  hutch  to 
1st  sieve  of  (29) ;  2d  to  2d  sieve  of  (29) ;  tailings  to  (41). 

26.  From  (11),  (27),  (28).  Three  No.  2  jigs  or  No.  2  roughing  jigs.  2-sieve 
Collom  jigs.  1st  bottom  skimmings  are  No.  1  copper  to  (40) ;  2d  to  (9)  ;  1st 
hutch  to  1st  sieve  of  (30)  ;  2d  hutch  to  2d  sieve  of  (30) ;  tailings  to  (41). 

27.  From  (11).  Three  No.  3  jigs  or  No.  3  roughing  jigs.  2-sieve  Collom 
jigs.  Ist  bottom  skimmings  to  (26)  ;  2d  to  (9) ;  1st  hutch  to  1st  sieve  of  (31)  ; 
2d  hutch  to  2d  sieve  of  (31)  ;  tailings  to  (41). 

28.  From  (11).  Three  No.  4  jigs  or  No.  4  roughing  jigs.  2-8ieve  Colloni 
jigs.  1st  bottom  skimmings  to  (26)  ;  2d  to  (9) ;  Ist  hutch  to  1st  sieve  of  (32)  ; 
2d  hutch  to  2d  sieve  of  (32)  ;  tailings  to  (41). 

29.  30,  31,  32.  From  (25).  (26),  (27),  (28).  One  each  of  Nos.  5,  6,  7  and  8 
jigs  or  Nos.  1,  2,  3  and  4  finishing  jigs.  3-sieve  Collom  jigs.  Their  products  art? 
disposed  of  on  the  same  principle  as  in  (18),  (19),  (20),  (21),  (22),  (23). 

33.  From  (29),  (30),  (31),  (32).     "Copper  boxes.''     Products  like  (24). 
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The  Whole  Mill 

34.  From  (11)  and  (39).  Four  No.  1  distributing  tanks:  one  for  the  Allis 
stamp  with  two  spigots,  one  for  the  Cuyahoga  stamp  with  two  spigots,  one  for 
each  pair  of  Ball  stamps  with  three  spigots  each.  Spigots  to  (35) ;  over- 
flow to  (41). 

35.  Ten  convex  revolving  slime  tables.  Heads  to  (36) ;  middlings  to  (39) ; 
tailings  to  (41). 

36.  Five  No.  1  settling  tanks.  Each  pair  of  slime  tables  has  a  double  tank 
the  halves  of  which  are  run  alternately.    Settlings  to  (38) ;  overflow  to  (37). 

37.  One  No.  2  settling  tank.  Settlings  once  in  24  hours  to  (39) ;  overflow 
to  (41). 

38.  From  (24),  (33)  and  (36).  One  kieve.  Tops  or  tailings  to  (39); 
middlings  returned  to  kicve;  bottoms  or  heads  are  No.  4  copper  to  (40). 

39.  From  (35),  (37)  and  (38).  Feed  trough  and  a  Hodge  centrifugal  pump 
with  2-inch  discharge  pipe  and  making  375  revolutions  per  minute.    To  (34). 

40.  From  (12),  (13),  (14),  (18),  (19),  (20).  (21),  (22),  (23),  (24),  (25), 
(26),  (29),  (30),  (31),  (32),  (33),  (38).  Shipping  cars.  The  four  qualities 
of  mineral  copper  are  sent  separately  to  the  smelter. 

41.  From  (12),  (13),  (14),  (15),  (16),  (17),  (18),  (19),  (20),  (21),  (22), 
(23),  (24),  (25),  (26),  (27),  (28),  (29),  (30),  (31),  (32),  (33),  (34),  (35), 
(37).     Tailings  launder  to  Torch  Lake. 

This  mill  is  in  six  independent  sections.  The  Allis  stamp  section  treats 
conglomerate  from  the  Tamarack  Junior  mine.  No.  1  Ball  treats  amygdaloid 
from  the  Kearsarge  mine,  and  the  remaining  stamps  treat  amygdaloid  from  the 
Osceola  mine. 

Power  for  the  mill  is  derived  from  ten  fire  tube  boilers,  28  feet  long,  60  inches 
diameter  (two  are  72  inches),  with  tubes  3  and  3J  inches  diameter  and  16 
feet  long,  running  under  a  steam  pressure  qf  100  pounds  per  square  inch. 
Seven  of  the  boilers  are  for  steam  stamps,  one  for  the  mill  engine  and  pump 
and  two  for  spare.  The  mill  engine  has  a  cylinder  24  X  32  inches,  makes  62 
revolutions  per  minute,  cuts  off  at  one-quarter  stroke  and  develops  90  indicated 
horse  power.  Power  for  the  rock  house  is  derived  from  two  Reynolds  upright 
boilers  which  also  supply  steam  for  hoisting.  They  are  20  feet  long,  84  inches 
diameter,  with  tubes  3  inches  diameter  and  16  feet  long,  running  under  a 
steam  pressure  of  100  pounds  per  square  inch.  An  Allis  engine  is  used  with 
cylinder  10  X  30  inches,  making  90  revolutions  per  minute,  cutting  off  at  one- 
quarter  stroke  and  developing  20  horse  power. 

Water  is  pumped  from  Torch  Lake  by  an  Allis  compound  vertical  pump,  a 
distance  of  300  feet  and  up  55  feet,  delivering  12,000,000  gallons  per  24  hours. 

According  to  the  annual  report,  in  1899  the  rock  contained  1.159%  copper, 
the  concentrates  72%,  and  the  tailings  0.187%.  One  hundred  tons  of  rock 
yielded  1.35  ions  of  concentrates  and  98.65  tons  of  tailings.  The  mill  saved  84% 
of  the  copper.'*^ 

There  has  been  recently  built  another  mill  in  two  parts,  one  with  three  steam 
stamps  made  by  the  Nordberg  Works  and  one  with  four.  They  are  arranged 
according  to  the  new  coarse  stamping  scheme  as  outlined  at  the  end  of  Mill  48. 
The  three-stamp  part  has  a  capacity  of  1,600  tons  per  24  hours.  Each  stamp 
has  a  cylinder  of  20  inches  diameter,  24  inches  stroke,  and  strikes  100  blows 
per  minute  under  a  steam  pressure  of  95  pounds  per  square  inch.  This  new 
mill  has  reduced  the  value  of  the  tailings  to  0.065%  copper,  h«s  reduced  the  cost 
of  milling  per  ton  from  $0.29  to  $0.22,  and  has  increased  the  percentage  saving 
considerably.    The  product  of  the  Krause  discharge,  together  with  the  spigot 
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of  the  little  hydraulic  classifier,  contains  56%  of  the  total  copper  recovered  in 
the  mill. 

A  new  pump  for  supplying  this  mill  and  Mill  48  has  a  capacity  of  40,000,000 
gallons  per  24  hours.  It  is  a  triple  expansion  Nordberg  with  steam  cylinders 
22.  40  and  60  inches  in  diameter,  and  three  water  cylinders  30  inches  in  diameter 
with  52-inch  stroke. 

§  711.  Mill  No.  47.  Quincy  Mining  Company,  Hancock,  Michigan. — 
Capacity  of  the  mill  is  1,700  to  1,900  tons  per  24  hours.  The  mill  runs  24 
hours  per  day,  six  days  per  week.  The  ore  consists  of  the  economic  mineral 
native  copper  in  grains  and  masses  occasionally  as  large  as  300  tons,  and  a 
gangue  of  amygdaloid.  The  problem  is  to  save  the  copper.  The  rock  is  hoisted 
in  skips  and  goes  ordinarily  to  ( 1 ) ,  or  if  mass  copper,  to  (2). 

There  are  three  rock  houses  just  alike,  of  which  only  one  will  be  described. 

Rock  House. 

1.  Two  No.  1  grizzlies  with  2J-inch  spaces.  Oversize  to  (2)  ;  undersize 
to  (7). 

2.  Sledging  and  picking  floor.  Large  lumps  to  (3)  ;  rock  with  mass  copper 
to  (4) ;  small  copper  rock  to  (6) ;  small  mass  copper  to  (8) ;  barren  rock,  suit- 
able for  building,  to  waste  dump. 

3.  Drop  hammer.  Rock  with  mass  copper  to  (4) ;  small  copper  rock  to  (6) ; 
small  mass  copper  to  (8). 

4.  From  (2)  and  (3).  One  No.  1  Blake  breaker,  18  X  24  inches,  crushing 
to  5  inches.    Mass  copper,  pickod  out,  to  (8)  ;  residue  to  (5). 

5.  Two  No.  2  Blake  breakers,  9  X  16  inches,  crushing  to  2}  inches.     To  (7). 

6.  From  (2)  and  (3).  Two  No.  3  Blake  breakers,  13  X  20  inches,  crushing: 
to  3  inches.    To  (7). 

7.  From  (1).  (5)  and  (6).  No.  1  bin  for  milling  rock,  with  double  V-bottnm, 
holding  3,000  tons.  By  10  gates  and  chutes  to  hopper  bottom  cars  holding  IT 
tons,  and  thence  6^  miles  to  (11). 

8.  From  (2),  (3)  and  (4).    No.  2  bin  for  mass  copper.    By  gate  to  (9). 

9.  Steam  hammer.    Cleaned  mass  copper  to  smelter;  rich  copper  rock  to  (10). 

10.  One  No.  3  bin  for  rich  milling  rock.  By  gate  and  chute  to  special  car 
and  thence  to  (11). 

Mill 

11.  From  (7)  and  (10).  No.  4  or  receiving  bin,  holding  about  3,000  tons. 
with  flat  bottom  and  divided  into  five  sections.  One  section  is  further  divided 
into  two  parts,  one  part  to  receive  stuff  from  (10).    To  (12). 

12.  Five  picking  chutes.  Rich  copper  rock  to  (13)  just  before  clean  up; 
wood,  chips,  etc.,  to  waste;  residue  to  (13). 

13.  From  (12),  (14),  (15),  (16),  (18),  (19).  Five  Allis  steam  stamps 
using  screens  with  4.76-mm.  round  holes.  Pulp  by  five  No.  1  distributors  to 
(17) ;  residue  in  mortar  at  time  of  clean  up  to  (14). 

14.  Wash  trommel.  Coarse  material  hand  picked  into  copper  to  (36)  and 
rock  to  (13)  ;  fine  material  to  (15). 

15.  One  No.  2  grizzly  with  1-inch  spaces.  Oversize  hand  picked  into  copper 
to  (36)  and  rock  to  (13)  ;  undersize  to  (16). 

16.  One  No.  1  or  cover  jig.  A  1-sieve  cam  driven  spring  return  jig.  Discharge 
is  No.  1  copper  to  (36)  ;  hutch  to  (17) :  tailinf^s  to  (13). 

17.  From  (13)  and  (16).  Twentv  No.  1  hydraulic  classifiers,  each  with  four 
spigots.  1st  spigots  to  (18)  ;  2d  to  (19)  ;  3d  to  (20) ;  4th  to  (21) ;  overflow  to 
five  of  the  tanks  (28). 
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18.  Twenty  No.  2  jigs  or  No.  1  roughing  jigs.  2-sieve  CoUom  jigs.  Ist  bot- 
tom skimmings  to  (26)  as  No.  1  copper;  2d  to  (13) ;  1st  hutch  to  (22) ;  2d  to 
(23)  ;  tailings  to  (37). 

19.  From  (17),  (20),  (21).  Twenty  No.  3  jigs  or  No.  2  roughing  jigs. 
2-sieve  CoUom  jigs.  1st  bottom  skimmings  to  (36)  as  No.  2  copper;  2d  to  (13) ; 
IPt  hutch  to  (22) ;  2d  to  (23) ;  tailings  to  (37). 

20.  From  (17).  Twenty  No.  4  jigs  or  No.  3  roughing  jigs.  2-sieve  CoUom 
jigs.  Bottom  skimmings  to  (19) ;  Ist  hutch  to  (24) ;  2d  to  (25) ;  tailings  to 
(37). 

21.  From  (17).  Twenty  No.  5  jigs  or  No.  4  roughing  jigs.  2-sieve  CoUom 
jigs.     Products  like  (20). 

22.  From  (18)  and  (19).  Ten  No.  6  jigs  or  No.  1  finishing  jigs.  3-sieve 
CoUom  jigs.  1st  bottom  skimmings  to  (26)  as  No.  2  copper;  2d  to  (36)  as  No. 
2  copper;  3d  to  (36)  as  No.  3  copper;  1st  hutch  is  No.  2  copper  to  (27) ;  2d,  No.  2 
copper,  to  (27) ;  3d,  No.  3  copper  for  smelter  or  to  be  kieved,  to  (27) ;  tailings  to 
(37). 

23.  From  (18),  (19),  (24),  (25).  Ten  No.  7  jigs  or  No.  2  finishing  jigs. 
3-Fieve  CoUom  jigs.  Bottom  skimmings  to  (36)  as  No.  3  copper;  1st  hutch, 
No.  3  copper,  to  (27) ;  2d,  No.  3  copper,  to  smelter  or  to  be  kieved,  to  (27) ;  3d, 
No.  3  copper,  to  be  kieved,  to  (27) ;  tailings  to  (37). 

24.  From  (20)  and  (21).  Ten  No.  8  jigs  or  No.  3  finishing  jigs.  3-sieve 
CoUom  jigs.  Bottom  skimmings  to  (23) ;  1st  hutch.  No.  2  copper,  to  (27) ;  2d 
and  3d  ,  No.  3  copper,  to  be  kieved,  to  (27) ;  tailings  to  (37). 

25.  From  (20)  and  (21).  Ten  No.  9  jigs  or  No.  4  finishing  jigs.  3-sieve 
CoUom  jigs.     Products  like  (24). 

26.  From  (18)  and  (22),  separately.  One  picking  table.  Native  silver  to 
market;  native  copper  of  No.  1  quality  to  (36). 

27.  From  (22),  (23),  (24),  (25).  Ten  sets  of  settling  tanks  for  concentrates, 
called  "copper  boxes"  with  eleven  boxes  in  each  set.  For  example,  one  set  has 
three  boxes  each  about  1^  X  2  feet,  to  receive  the  hutches  of  two  No.  6  jigs,  three 
similar  boxes  to  receive  the  hutches  of  t^^V)  No.  7  jigs  and  five  boxes,  each  ai>out 
2X3  feet,  in  series  to  receive  the  overflow  of  the  smaller  boxes.  No.  2  quality 
copper  to  (36) ;  No.  3  quality  copper  to  (36) ;  material  to  be  kieved  to  (31) ; 
overflow  to  (37). 

28.  From  (17)  and  (35).  Six  No.  1  distributing  tanks  each  with  four  spigots. 
Spigots  to  (29) ;  overflow  to  (37). 

29.  Twenty-four  convex  revolving  slime  tables  mounted  two  on  a  shaft. 
Heads  to  (30)  ;  middlings  to  (35)  ;  taUings  to  (37). 

30.  Six  double  No.  1  settling  tanks,  the  halves  of  each  used  alternately.  Set- 
tlings to  (31) ;  overlloxv  to  (37). 

31.  From  (27)  and  (30)  separately.  One  tye.  Heads  to  (32) ;  taUings  to 
(34). 

32.  From  (31)  and  (34).  One  No.  1  kieve.  1st  treatment.  Tops  or  taUings 
to  (35) ;  middlej^  returned  to  (32) ;  bottoms  or  heads  to  (33). 

33.  No.  1  kieve,  2d  treatment.  Tops  to  (35) ;  middles  returned  to  (33)  ; 
bottoms  to  (36). 

34.  From  (31).  One  No.  2  kieve.  Tops  to  (35) ;  middles  returned  to  (34)  ; 
bottoms  to  (32). 

35.  From  (29),  (32),  (33),  (34).  A  box  feeder  and  centrifugal  pump  with  a 
2J-inch  discharge  pipe,  making  522  revolution?  per  minute.  To  one  of  the  tank*? 
^28). 

36.  From  (14),  (15),  (16),  (19),  (22),  (23),  (26),  (27),  (33).  The  dif- 
ferent qualities  of  mineral  are  shipped  in  cars  to  the  smelter. 
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37.  From  (18),  (19),  (20),  (21),  (22),  (23),  (24),  (25),  (27),  (28),  (29), 
(30) .     Waste  launder  to  Torch  Lake. 

This  mill  has  five  sections,  of  which  one  or  all  may  be  run  at  the  same  time. 

The  labor  required  in  a  rock  house  is  16  men  per  24  hours. 

Power  for  the  mill  is  derived  from  steam  boilers  and  an  Allis  engine  with 
cylinder  16  X  42  inches,  receiving  steam  under  100  pounds  pressure  per  square 
inch,  making  78  revolutions  per  minute  and  cutting  off  at  \  stroke.  Each 
steam  stamp  uses  100  horse  power  and  its  valves  and  washing  machines  requin* 
13  horse  power,  making  the  total  horse  power  of  the  mill  565  and  10  horse 
power  for  the  electric  lights.  In  each  rock  house  there  is  a  steam  engine  with 
cylinder  16  X  42  inches,  running  under  a  pressure  of  80  pounds  per  square 
inch,  cutting  off  at  \  stroke  and  developing  75  to  80  indicated  horse  power. 

Water  for  the  mill  is  raised  80  feet  from  Torch  Lake  by  an  Allis  pump 
delivering  12,000,000  gallons  in  24  hours. 

In  1898  the  rock  yielded  about  1.5%  refined  copper  which  means  that  it  con- 
tained about  2%  copper.  The  mass  copper  from  (he  mill  contains  about  90% 
copper,  No.  1  quality  mineral  contains  about  93%  copper.  No.  2  about  83%, 
No.  3  about  43%,  and  the  average  of  all  is  about  80%  copper.  Of  the  rock 
mined,  about  10%  is  rejected  as  waste  in  the  mine  and  in  the  rock  house.  In 
the  rock  house  100  tons  of  rock  yield  about  30  tons  of  mass  copper  rodi  for 
the  steam  hammer  and  about  70  tons  of  milling  rock.  About  \  of  the  con- 
centrates is  mass  copper  from  the  rock  house  and  f  are  from  the  mill. 

In  this  mill  the  forty  Nos.  6,  7,  8,  and  9  jigs  have  been  replaced  by  12 
Wilfley  tables.  Twelve  slime  tables,  that  is,  those  in  three  sections  of  the 
mill  have  also  been  replaced  by  Wilfley  tables. 

Water  is  lifted  to  the  mill  by  three  pumps  with  a  combined  capacity  of  21,- 
000,000  gallons  per  24  hours. 

A  second  mill  has  been  built  to  supplement  the  first,  with  a  capacity  of 
1,200  tons  in  24  hours.  It  contains  three  Allis  steam  stamps  and  is  similar 
to  the  first  mill  except  that  there  are  24  Wilfley  tables;  that  is,  eight  Wilfley 
tables  take  the  place  of  eight  jigs  (Nos.  6,  7,  8  and  9  jigs)  and  four  slime 
tables.  Another  departure  from  the  old  mill  is  that  one  of  the  new  stamps 
has  the  coarse  stamping  scheme  described  at  the  end  of  Mill  48.  The  boiler 
house  has  four  Wickes  vertical  water  tube  boilers  of  250  horse  power  each. 
Water  is  supplied  by  an  Allis  triple  expansion  pump  rated  at  16,000,000 
gallons  and  capable  of  lifting  20,000,000  gallons  per  24  hours. 

§712.  Mill  No.  48.  Tamarack  Mining  Company,  Houghton  County, 
Michigan. — Capacity  1,500  tons  in  24  hours.  The  mill  runs  24  hours  per 
day,  six  days  per  week.  The  ore  and  problem  are  the  same  as  those  of  Mill 
44.  The  ore  is  hoisted  on  cages  in  cars  holding  5,000  pounds,  and  dumped 
upon  (1).  There  are  two  rock  houses,  just  alike,  of  which  only  one  will  be 
described. 

Rock  House. 

1.  Three  No.  1  grizzlies  with  4-inch  spaces.  Oversize  to  (2) ;  undersize  to 
(6). 

2.  Spelling  and  picking  floor.  Large  lumps  to  (3) ;  medium  lumpe,  bro- 
ken by  hand  sledge,  to  (4)  ;  small  lumps  to  (4) ;  copper  nuggets  to  (30)  : 
barren  rock  to  waste  dump. 

3.  Drop  hammer,  crushing  to  about  12  inches.     To   (4). 

4.  From  (2)  and  (3).  Five  No.  1  Blake  breakers.  Two  are  18  X  24  inches 
and  three  are  8  X  15  inches,  crushing  to  4  inches.     To  (6). 

5.  From  (1).     Three  No.  2  grizzlies  with  3-inch  spaces.     Oversixe  is  hand 
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picked  into  barren  rock  to  waste  dump  and  copper  rock  to  (6) ;  undersize  to 
(6). 

6.  From  (4)  and  (5).  No.  1  or  rock  house  bin,  46  X  70  X  24  feet  deep. 
By  16  gates  and  chutes  to  cars  holding  12^  tons  and  thence  5  miles  to  (7). 

Mill. 

Fig.  520  shows  the  classifiers  and  jigs  for  one  section  of  the  mill. 

7.  No.  2  or  mill  bins  with  flat  bottoms.     By  gates  to  (8). 

8.  Five  picking  chutes,  fed  with  water.  Wood,  chips,  etc.,  to  waste;  copper 
nuggets  to  (30) ;  residue  to  (9). 

9.  From  (8),  (10),  (13),  (14),  (15),  (16).  Five  AUis  steam  stamps, 
using  screen  with  4.76-mm.  round  holes.  Pulp  by  five  No.  1  distributors  or 
split  launders  to  (11)  ;  residue  in  mortar  at  the  time  of  clean  up  to  (10). 

10.  A  trough  washer.    Heads,  called  cover  work,  to  (30) ;  tailings  to  (9). 

11.  From  (9).  Twenty  No.  1  hydraulic  classifiers,  each  with  four  spigots. 
1st  spigots  to  (12) ;  2d  to  (14) ;  3d  to  (15) ;  4th  to  (16)  ;  overflow  to  (24). 

12.  Twenty  No.  2  hydraulic  classifiers,  each  with  one  spigot.  Spigot,  No.  1 
copper,  to  (30) ;  overflow  to  (13). 

13.  Twenty  No.  1  jigs.  2-sieve  CoUom  jigs.  1st  bottom  skimmings.  No.  1 
copper,  to  (30) ;  2d  discharge  to  (9) ;  1st  hutch  to  (17) ;  2d  to  (18) ;  tailings 
to  (31). 

14.  From  (11).  Twenty  No.  2  jigs.  2-sieve  CoUom  jigs.  Ist  bottom 
skimmings.  No.  1  copper,  to  (30) ;  2d  to  (9) ;  1st  hutch  to  (17) ;  2d  to  (18)  : 
tailings  to  (31). 

15.  From  (11).  Twenty  No.  3  jigs.  2-sieve  Collom  jigs.  1st  bottom 
skimmings.  No.  2  copper,  to  (30) ;  2d  to  (9) ;  1st  hutch  to  (19) ;  2d  to  (20) ; 
tailings  to  (31). 

16.  From  (11).  Twenty  No.  4  jigs.  2'-sieve  Collom  jigs.  Bottom  skim- 
mings to  (9) ;  1st  hutch  to  (19)  ;  2d  to  (20) ;  tailings  to  (31). 

17.  From  (13)  and  (14).  Ten  No.  5  jigs.  3-sieve  Collom  jigs  with  un- 
watering  boxes  before  each  sieve.  1st  discharge.  No.  2  copper,  to  (30) ;  2d 
and  3d  bottom  skimmings.  No.  4  copper,  to  (30)  ;  1st  hutch,  No.  2  copper,  to 
(21) ;  2d,  No.  4  copper,  to  (21) ;  3d,  to  be  rejigged,  to  (21) ;  tailings  to  (31)  ; 
overflow  of  un watering  boxes  to  (23). 

18.  From  (13)  and  (14).  Ten  No.  6  jigs.  3-sieve  Collom  jigs,  with  un- 
watering  boxes  before  each  sieve.  1st  discharge,  No.  3  copper,  to  (30)  ;  2d 
and  3d  bottom  skimmings,  No.  4  copper,  to  (30) ;  1st  hutch.  No.  3  copper,  to 
(21)  ;  2d,  No.  4  copper,  to  (21)  ;  3d,  to  be  rejigged,  to  (21) ;  tailings  to  (31) ; 
overflow  of  unwatering  boxes  to  (23). 

19.  From  (15)  and  (16).  Ten  No.  7  jigs.  3-sieve  Collom  jigs,  with  un- 
watering boxes  before  each  sieve.     Products  like  (18). 

20.  From  (16)  and  (16).  Ten  No.  8  jigs.  3-sieve  Collom  jigs,  with  un- 
watering boxes  before  each  sieve.  Bottom  skimmings,  No.  4  copper,  to  (30) ; 
Ist  and  2d  hutches,  No.  4  copper,  to  (21)  ;  3d,  to  be  rejigged,  to  (21) ;  tail- 
ings to  (31);  overflow  of  unwatering  boxes  to  (23). 

21.  Prom  (17),  (18),  (19),  (20).  Ten  sets  of  "copper  boxes'*  similar  to 
those  of  Mill  46,  ^24.  No.  2  quality  copper  to  (30) ;  No.  3  quality  copper  to 
(30)  ;  No.  4  qufiJity  copper  to  (30) ;  material  to  be  rejigged  to  (22) ;  overflow 
to  (23). 

22.  No.  9  jigs  called  rejiggers.  Details  unknown,  but  they  probably  yield 
concentrates  to  (30) ;  and  tailings  to  (31). 

23.  Prom  (17),  (18),  (19),  (20),  (21).  Ten  cateh  launders,  each  2X36 
feet.     Settlings  to  (25);  overflow  to  (31). 
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FIG.   520. — PLAN   OF  CLASSIFIER  AND  JIGS  OF  ONE  STAMP  AT  MILL  48 
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24.  From  (11),  and  (29).  Nine  No.  1  distributing  tanks,  two  each  for 
four  sections  of  the  mill  and  one  for  the  fifth  section,  each  with  four  spigots. 
Spigots  to   (25);  overflow  to   (31). 

25.  From  (23)  and  (24).  Eighteen  convex  revolving  slime  tables.  Heads 
to  (26) ;  middlings  to  (29)  ;  tailings  to  (31). 

26.  Five  No.  1  settling  tanks,  double  tanks  with  the  halves  of  each  used 
alternately.     Settlings  to   (28);  overflow  to   (27). 

27.  One  No.  2  settling  tank.  Settlings  every  24  hours  to  (29) ;  overflow 
io   (31). 

28.  From  (26).  Two  kieves.  Tops  or  tailings  to  (29) ;  middles  returned  to 
kieve;  bottoms  or  heads,  No.  4  copper,  to  (30). 

29.  From  (25),  (27),  (28).  Feeder  and  centrifugal  pump  with  2-inch 
discharge  pipe,  making  375  revolutions  per  minute.     To  (24). 

30.  From  (2),  (8),  (10),  (12),  (13),  (14),  (15),  (17).  (18),  (19),  (20), 
(21),  (22),  (28).  The  copper  nuggets  are  put  into  barrels,  the  concentrates 
from  the  jigs  are  brought  down  in  pails  to  the  barrels,  those  from  the  "copper 
boxes*'  and  the  kieves  are  shovelled  direct  to  barrels.  The  barrels  are  packed 
with  water,  nailed  and  headed  up  and  shipped  to  smelter. 

31.  From  (13),  (14).  (15),  (16),  (17),  (18),  (19),  (20),  (22),  (23), 
(24),  (25),  (27).     Waste  launder  to  lake. 

This  mill  is  in  five  sections,  any  number  of  which  may  be  shut  down  without 
aflfecting  the  others. 

Power  for  the  mill  is  derived  from  eight  fire  tube  boilers,  28  feet  long,  5  feet 
diameter,  with  tubes  16  feet  long  and  3  inches  diameter,  running  under  a 
steam  pressure  of  100  pounds  per  square  inch.  Seven  furnish  steam  for  the 
stamps  and  one  for  the  mill  engine  which  is  a  ReynoldB-Corliss  with  cylinder 
14  X  30  inches,  making  90  revolutions  per  minute,  cutting  off  at  \  stroke  and 
developing  65  indicated  horse  power.  Power  in  the  rock  house  is  derived  from 
an  engine  with  cylinder  16  X  30  inches,  making  70  revolutions  per  minute, 
taking  steam  at  90  pounds  pressure  and  cutting  off  at  \  gtroke. 

Water  is  pumped  from  the  lake  by  an  Allis  pump  delivering  10,000,000 
gallons  per  24  hours. 

The  rock  contains  1.5  to  2%  copper;  and  the  concentrates  65  to  70%  copper. 
One  hundred  tons  of  mine  rock  (in  1899)  yielded  2  tons  of  concentrates  and  98 
tons  of  tailings.  The  copper  nuggets  from  (2)  amount  to  about  6  tons  per 
month.  The  waste  removed  in  the  rock  house  is  about  7%  of  the  total  rock 
hoisted. 

Since  the  above  notes  were  taken  this  mill  has  made  a  great  advance  in 
graded  stamping  and  concentrating  and  each  section  is  more  or  less  changed 
over  to  the  following  scheme:  The  steam  stamp  (9)  has  a  circular  mortar 
with  15.9-mm.  holes  in  the  screens  and  the  issuing  pulp  goes  to  a  little  hy- 
draulic classifier.  The  copper  nuggets  are  not  allowed  to  accumulate  in  the 
mortar  and  be  cleaned  out  periodically,  but  are  discharged  by  what  is  called 
the  "Krause  discharge."  This  consists  of  an  opening  in  the  side  of  the  mortar 
about  12  inches  above  the  top  of  the  die  and  all  the  water  that  is  used  in 
stamping  is  introduced  up  into  the  mortar  through  this  opening.  The  capper 
nuggets  are  heavy  enough  to  pass  through  the  opening  and  sink  through  the 
rising  current  of  water  and  accumulate  in  a  cylindrical  pocket  below.  They 
are  removed  through  the  bottom  of  the  pocket  periodically  after  first  closing 
off  the  upper  end  of  the  pocket  by  a  valve.  The  little  hydraulic  classifier 
makes  a  spigot  product  which  is  clean  copper  to  the  smelter  and  overflow  to 
a  trommel  with  6.35-mm.  holes.  The  oversize  of  the  trommel  goes  by  a 
bucket  elevator  back  to  the  stamp  while  the  undersize  passes  on  to  the  hydraulic 
classifiers  (11)  and  is  treated  as  in  the  old  scheme  except  that  Wilfley  tables  as 
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well  as  revolving  slime  tables  are  used  for  treating  the  fine  stuff.  Positive 
accelerated  jigs  have  replaced  the  CoUom  jigs  to  a  considerable  extent  The 
improvement  by  the  scheme  is  shown  in  two  directions:  1st,  the  capacity  of 
the  stamp  is  raised  from  300  ton«  to  400  tons  per  24  hours ;  2d,  the  loss  due  to 
slime  copper  in  the  tailings  has  been  reduced  very  considerably  and  the  per  cent 
of  copper  in  the  tailings  is  lowered.  Another  rock  house  has  been  built  con- 
taining eight  Blake  breakers  with  the  accompanying  grizzlies  and  bins.  A 
now  mill  has  been  constructed  with  three  Nordberg  steam  stamps  and  arranged 
according  to  the  improved  scheme  used  in  the  old  mill. 

{k)    MILLS  USING  FINE   CRUSHING  AND  RIFFLE  TABLES  OF  THE  WILFLET    TYPE. 

§  713.  This  group  includes  Mills  49  and!  50.  The  designers  of  certain  recent 
mills,  by  using  the  riffle  tables,  have  made  great  departures  from  the  graded 
treatment  which  saves  large  grains  of  ore  on  jigs  to  prevent  formation  of  slimcf. 
Hallett  in  Mill  49  aims  to  reach  the  limit  in  size,  60  mesh  more  or  less,  beyond 
which  there  are  practically  no  included  grains,  in  order  to  do  clean  work  whether 
of  two  or  three  mineral  separation.  Bartlett  in  Mill  50  aims  to  simplify  both 
crushing  and  concentrating,  in  his  construction  account  and  running  account, 
by  single  stage  crushing  to  8  mesh  or  finer  and  the  treatment  of  the  whole  pulp  on 
tables  where  two  minerals  are  to  be  separated. 

The  single  stage  crushing  to  8  mesh  where  the  per  cent,  of  concentrates  is 
large  is  more  expensive  than  graded  crushing,  since  in  the  latter  ease  a  consider- 
able amount  of  concentrates  is  saved  coarser  than  8  mesh  and  the  crushing  is 
reduced.  Bartlett  claims  to  offset  this  expense  by  the  simplicity  of  his  operation. 
The  single  stage  crushing  to  60  mesh  is  still  more  expensive  and  a  great  producer 
of  slimes.  Hallett  claims  to  offset  these  disadvantages  by  the  simplicity  of 
his  mill,  by  the  cleaner  work  done  and  by  the  fact  that  the  tables  can  treat  the 
very  fine  slimes  when  suitably  adjusted. 

As  the  book  goes  to  press  (1903)  riffle  tables  of  the  Wilfley  type  have  been  re- 
ceived to  a  most  extraordinary  extent;  in  fact,  the  use  of  the  Wilfley  table  ha? 
probably  spread  more  rapidly  than  any  other  machine  in  the  history  of  concen- 
tration. But  the  adoption  of  fine  crushing  with  only  riffle  tables  to  displace  tht^ 
complex  jigging  mill  with  its  slime  preventing  graded  treatment  is  still  in  the 
tentative  stage.  The  mill  men  of  the  country  have  not  been  sufficiently  con- 
vinced to  adopt  this  new  plan. 

^714.  Mill  No.  49.  New  Smuggler  Concentrator,  Aspen,  Colorado. — 
Capacity  125  tons  per  24  hours.  The  mill  runs  24  hours  per  day.  7  days  per 
week.  The  ore  is  the  same  as  that  of  Mill  28.  The  problem  is  to  save  the  lea^l 
(tocrether  with  the  iron)  and  the  zinc  separately.  The  ore  is  brought  in  bottom 
discharging  cars  to  (1). 

1.  No.  1  or  receiving  bin.  By  automatic  feeder,  similar  to  Tulloch  feeder, 
to  (2). 

2.  A  shaking  grizzly.     Oversize  to  (3) ;  undersize  to  (4). 

3.  One  No.  1  Dodge  breaker,  11  X  15  inches,  crushing  to  2  inches.     To  (4). 

4.  From  (2)  and  (3).  One  pair  of  No.  1  rolls,  36  X  14  inches,  set  close 
tofirether,  making  52  revolutions  per  minute.     By  No.  1  bucket  elevator  to  (5). 

6.  Two  No.  2  bins.  By  two  automatic  feeders,  similar  to  Tulloch  feeders. 
To  (6). 

6.  Two  6-foot  Trent  Chili  mills,  using  screens  with  so-called  60-mesh  slots, 
revolving  22|  times  per  minute.     To  (7). 

7.  From  (6)  and  (17).  Two  No.  1  hydraulic  classifiers.  Meinecke  classifiers, 
each  with  three  spigots.  Ist  spigots  to  (9)  ;  2d  to  (10)  ;  3d  to  (11)  ;  overflow 
to  (8). 
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8.  Two  No.  1  box  classifiers  each  with  five  spigots.  1st  spigots  to  (12) ;  2d 
to  (13)  ;  3d  to  (14) ;  4th  to  (15) ;  5th  to  (16) ;  overflow  to  (30). 

9.  From  (7).  Two  No.  1  Hallett  tables.  Lead  concentrates  to  (28);  mid- 
dlings by  Frenier  sand  pump  to  (17) ;  tailings  to  (30) ;  muddy  water  to  (25). 

10.  From    (7).     Two   No.   2   Hallett  tables.     Lead  concentrates   to    (28) 
middlings  to  (18) ;  tailings  to  (30) ;  muddy  water  to  (25). 

11.  From    (7).     Two   No.   3   Hallett   tables.     Lead   concentrates   to    (28) 
middlings  to  (19) ;  tailings  to  (30) ;  muddy  water  to  (25). 

12.  From    (8).     Two   No.   4   Hallett   tables.     Lead   concentrates   to    (28) 
middlings  to  (20) ;  tailings  to  (30) ;  muddy  water  to  (25). 

13.  From  (8).  One  No.  5  Hallett  table.  Lead  concentrates  to  (28) ;  mid- 
dlings to  (21)  ;  tailings  to  (30) ;  muddy  water  to  (25). 

14^  From  (8).  One  No.  6  Hallett  table.  Lead  concentrates  to  (28) ;  mid- 
dlings to  (22) ;  tailings  to  (30) ;  muddy  water  to  (25). 

15.  From  (8).  One  No.  7  Hallett  table.  Lead  concentrates  to  (28) ;  mid- 
dlings to  (23) ;  tailings  to  (30) ;  muddy  water  to  (26). 

16.  From  (8).  One  No.  8  Hallett  table.  Lead  concentrates  to  (28);  mid- 
dlings to  (24) ;  tailings  to  (30) ;  muddy  water  to  (25). 

17.  From  (9).  One  5-foot  Trent  Chili  mill  using  a  screen  with  so-called  80- 
meshslote.     To  (7). 

18.  Prom  (10).  One  No.  9  Hallett  table.  Lead  concentrates  to  (28) ;  zinc 
concentrates  to  (29) ;  tailings  to  (30). 

19.  From  (11).     One  No.  10  Hallett  table.     Products  like  (18). 

20.  From  (12).     One  No.  11  Hallett  table.     Products  like  (18). 

21.  From  (13).     One  No.  12  Hallett  table.     Products  like  (18). 

22.  From  (14).     One  No.  13  Hallett  table.     Products  like  (18). 

23.  From  (15).    One  No.  14  Hallett  table.    Products  like  (18). 

24.  From  (16).     One  No.  15  Hallett  table.     Products  like  (18). 

25.  From  (9),  (10),  (ll'),  (12),  (13),  (14),  (15),  (16).  One  No.  2  box 
classifier  with  two  spigots.     Ist  spigot  to  (26) ;  2d  to  (27) ;  overflow  to  (30). 

26.  One  No.  16  Hallett  tahle.     Products  like  (18). 

27.  From  (25).     One  No.  17  Hallett  table.     Products  like  (18). 

28.  From  (9),  (10),  (11),  (12),  (13),  (14),  (15),  (16),  (18),  (19),  (20), 
(21),  (22),  (23),  (24),  (26),  (27).  Settling  tanks  or  bins  for  lead  concentrates 
which  go  to  the  drier  and  are  then  shipped  to  smelter. 

29.  From  (18),  (19),  (20),  (21),  (22),  (23),  (24),  (26),  (27).  Settling 
tanks  or  bins  for  zinc  concentrates  which  are  stored  for  a  possible  market  later. 

30.  From  (8),  (9),  (10),  (11).  (12),  (13),  (14),  (15),  (16),  (18),  (19), 
(20).  (21),  (22),  (23),  (24),  (25),  (26),  (27).     Tailings  launder  to  waste. 

TTie  ore  contains  5  to  20%  lead  and  30  to  35%  zinc.  The  lead  concentrates 
contain  60  to  75"%  lead  and  not  over  6%  zinc.  The  zinc  concentrates  contain 
45%  zinc  and  not  over  1.5%  lead.     The  tailings  contain  0.9%  lead. 

The  reader's  attention  is  called  to  the  very  complete  system  of  classification 
and  of  final  concentration  for  the  separation  of  three  minerals,  adopted  in  this 
mill,  and  also  to  the  removal  of  muddy  water  from  the  table  for  separate  treat- 
ment, thereby  overcoming  one  of  the  sources  of  loss  on  riffle  tables. 

§  715.  Mill  No.  50.  A  Bartlett  Mill  in  Arizona."* — Capacity  20  tons 
in  11  hours.  The  ore  consists  of  the  economic  minerals  galena,  chalcopyrite, 
and  blende  and  a  gangue  of  tough  hornblende  and  quartz.  The  problem  is  to 
save  the  lead  in  one  product  and  the  copper  and  zinc  in  another.  The  ore  is 
brought  by  a  tramway  to  the  second  storv  of  the  mill  to  (1). 

1.  One  breaker,  a  Gates  No.  2.    To  (2). 

2.  From  (1)  and  (4).     One  bucket  elevator,  lifting  24  feet.    To  (3). 
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3.  One  trommel,  3  feet  diameter  and  G  feet  long,  with  8-mesh  hol^  or  finer. 
Oversize  to  (4) ;  undersize  to  (5). 

4.  One  pair  of  rolls,  30  X  12  inches,  slow  speed  rolls  of  the  Rogers  type. 
To  (2). 

5.  From  (3).     One  bin  with  hopper  bottom.     To  (6). 

6.  Two  Bartlett  tables.  Lead  concentrates  to  smelter;  copper  and  zinc  con- 
centrates to  smelter;  tailings  to  (7). 

7.  Settling  flume,  100  feet  long  and  4  feet  wide  with  bottom  sloping  sidewiie. 
Settlings  hoed  out  into  cars  to  waste  dump;  overflow  to  (8). 

8.  Four  settling  reservoirs  in  series,  each  42  X  25  X  6  feet  deep.  Settlings 
flushed  out  monthly  to  waste ;  water  from  the  last  reservoir  is  pumped  back  to  the 
mill. 

The  labor  required  is  four  men :  1  engineer,  1  breaker  man,  1  table  man,  and 
1  man  to  run  in  the  ore  and  take  care  of  tailings. 

Power  is  furnished  by  a  50-horse  power  boiler  and  a  35-horse  power  engine. 

The  water  available  for  use  in  the  mill  and  boiler  is  5,000  gallons  per  day  not 
including  that  pumped  back  from  settling  reservoirs.  The  moisture  in  the  tail- 
ings is  500  to  600  gallons  per  day. 

Owing  to  the  excessive  amount  of  zinc  in  the  ore  (20%)  about  15%  has  to  be 
carried  into  the  tailings. 

{I)   PLANTS  WORKING  FOR  GOLD  BY  HYDRAULICKIN6  OR  DREDGING. 

§  716.  This  group  includes  a  general  description  of  a  hydraulicking  plant. 
Mills  51  and  52  on  dredging,  followed  by  general  remarks  on  dredging. 

Hydraulicking  is  the  name  given  to  the  mjBthod  of  excavating  gravel  by  a 
powerful  jet  of  water  or  a  flowing  stream  of  water  whereby  the  gravel  is  washed 
away,  leaving  the  gold  behind  or  dropping  it  in  rifiles  in  the  conveying  sluice. 

Hydraulicking  usually  requires  a  high  head  of  water ;  in  such  cases  a  working 
plant  may  consist  of: — a  dam  and  reservoir  for  storing  water;  means  of  con- 
veying water  to  a  high  point  near  the  gravel  mine,  consisting  of  ditches,  flumes, 
and  pipe  siphons,  and  a  pressure  box  with  screen  and  sand  trap :  means  of  deliv- 
ering powerful  jets  upon  the  gravel  bank,  consisting  of  pipes,  branches,  valves, 
air  cushion,  and  hydraulic  giants;  means  of  handling  the  gravel  and*  water  con- 
sisting of  guide  boards,  head  sluice  with  riffles,  undercurrents  with  riffles,  tail 
sluice  with  riffles;  means  of  cleaning  up,  consisting  of  derrick,  wheelbarrows, 
pick,  shovel,  knives,  clean  up  tanks  and  pans,  which  save  the  gold. 

A  gravel  property  may  somletimes  be  worked  without  a  high  head,  simply  using 
the  water  from  a  stream  to  cut  away  the  foot  of  the  gravel  bank  as  it  flows  by, 
forcing  it  by  suitable  guide  boards  directly  against  the  bank.  This  takes  the 
place  in  the  above  plant  of  all  the  parts  down  to  and  including  the  hydraulic 
giant.  Hydraulicking  has  been  treated  so  fully  by  Bowie  that  the  author  will 
not  go  into  further  details  regarding  it,  but  will  refer  the  reader  to  Bowie,* 
Evans*®  and  Longridge.** 

A  method  of  hydraulicking  with  a  centrifugal  pump  is  used  in  New  South 
Wales."'  An  excavation  is  made  in  the  gold-bearing  ground,  filled  with  water  and 
a  pontoon  bearing  the  pumping  machinery  is  floated  therein.  The  water  is  then 
pumped  out  so  that  the  pontoon  rests  on  the  bottom,  the  banks  are  hydraulicked 
to  a  sump  by  a  stream  from  the  centrifugal  pump  and  from  the  sump  the  mate- 
rial is  pumped  up  to  the  riffle  ^luices.  When  the  ground  has  been  worked 
within  the  radius  of  the  pump,  then  the  excavation  is  allowed  to  fill  with  water 
and  the  pontoon  floated  to  a  new  position  and  the  operation  repeated. 

A  scheme  similar  to  this  is  used  on  the  Snake  River,  Idaho.     The  chief  differ- 
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ence  is  in  the  absence  of  the  pontoon,  the  centrifugal  pump  being  mounted  on 
the  bank.»" 

§  717.  Gold  Dredqino  is  a  process  that  has  been  developed  very  rapidly  during 
recent  years.  Originally  confined  to  the  bed's  of  the  rivers,  it  is  now  applied  to 
the  river  banks  and  even  to  land  at  some  distance  from  a  stream.  It  has  the 
advantage  that  it  is  able  to  work  large  quantities  of  material  at  a  low  cost  and 
with  a  small  consumption  of  water.  Unlike  hydraulicking,  it  does  not  fill  tha 
rivers  with  debris  and  damage  agricultural  landts. 

The  author  is  unable  to  refer  the  reader  to  any  treatise  on  this  subject,  and  will 
therefore  give  the  details  of  two  dredges,  followed  by  a  short  general  discussion 
which,  owing  to  lack  of  space,  will  be  in  no  way  commensurate  with  what  the  im- 
portance of  the  subject  deserves. 

§  718.  Mill  No.  61.  A  Gold  Dredging  Plant  at  Yreka,  C4lifornia. — 
Theoretical  <japacity  2,000  cubic  yards  in  24  hours,  using  the  2-cubic  yard 
dipper;  but  actual  capacity  is  not  over  1,600  cubic  yards,  or  even  much  less, 
owing  to  the  presence  of  large  boulders  and  hard  bed  rock.  The  dredge  runs  24 
hours  per  day.  The  material  is  auriferous  gravel,  sometimes  cemented  together, 
consisting  of  the  economic  mineral  native  gold  mixed  with  boulders,  gravel  and 
sand.  The  problem  is  to  save  the  gold.  All  the  machinery  of  the  dredge  is 
mounted  on  a  scow  70  feet  long,  54  feet  wide  and  9^  feet  deep.  There  are  three 
spuds,  two  in  front  and  one  in  the  rear,  each  24  X  24  inches.  Each  spud  can  be 
raised  or  lowered  by  means  of  wire  ropes  from  hoisting  drums,  passing  over  pul- 
leys at  the  top  and  bottom  of  the  spuds.  For  moving  the  dredge  there  are  also 
six  guy  lines  of  wire  ripe,  two  on  each  side  and  one  on  each  end.  The  material 
is  raised  by  (1). 

1.  A  dipper  dredge  (steam  shovel  type)  with  a  capacity  of  either  one  or  two 
cubic  yards,  suspended  from  a  boom  and  dipper  rod.  The  dipper  has  from  40 
to  60  tons  thrust  on  its  edge.  Bed  rock  of  slate  and  shale  is  easily  cut  by 
using  the  dipper  holding  one  cubic  yard  and  having  two  or  three  prongs  on  its 
front  edge.  A  special  rubber  flange  keeps  the  door  of  the  dipper  perfectly  tight. 
The  dredged  material  is  dumped  upon  (2). 

2.  A  flat  hopper  on  which  the  clay  and  cement  are  disintegrated  by  a  powerful 
jet  of  water  from  a  steam  pump  and  the  largest  boulders  removed  by  hand  out 
through  a  side  chute  to  waste.     To  (3). 

3.  A  trommel  3|  feet  diameter,  20  feet  long,  sloping  1^  inches  per  foot  or  7**  7' 
(slope  adjustable),  of  rolled  steel,  with  the  holes  tapering  inwards  to  prevent 
clogging.  Sectional  with  f,  i,  f  and  f-inch  round  holes.  Oversize  to  (4) ; 
undersize  by  distributor  to  (6). 

4.  A  sluice  with  riffles.  Heavy  material  caught  in  riffles  and  cleaned  out 
monthly  to  (9)  ;  residue  to  (5). 

5.  A  bucket  elevator  or  "stacker"  which  slopes  out  over  the  stem  of  the  dredge 
and  delivers  the  waste  material  at  some  distance  behind  and  above  the  dredge. 

6.  Prom  (3).  Twelve  No.  1  tables,  six  on  each  side  of  the  trommel.  In- 
clined stationary  tables,  each  4  feet  long  and  325  inches  wide,  covered  by  cot- 
ton cloth  overlaid  with  cocoa  matting  on  top  of  which  are  expanded  metal  riffles. 
The  matting  is  taken  off  every  6  to  8  hours  and  the  adhering  gold  and  black  sand 
washed  off  in  (9) ;  tailings  to  (7). 

7.  Twelve  No.  2  tables.  Like  (6).  Gold  and  black  sand  to  (9) ;  tailings  to 
(8>. 

8.  A  sluice  with  riffles  in  it.  Heavy  sand  and  gold  cleaned  out  monthly  to  (9)  ; 
tailings  flow  over  the  stem  of  the  dredge  to  waste. 

9.  From  (4),  (6),  (7)  and  (8).  Tank  for  washing  off  the  cocoa  matting 
and  receiving  concentrates  from  riffles.     Settlings  pass  out  of  a  spigot  to  (10). 
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10.  A  sluice  containing  Brussels  carpet,  riffles  and  riffles  containing  mercury, 
having  a  total  length  of  about  20  feet.    Gold  to  market;  residue  to  waste. 

The  labor  required  is  ten  men  per  24  hours  divided  into  two  shifts  of  1*2 
hours  each:  2  operators,  2  dipper  tenders,  2  roustabouts,  2  firemen  and  2  wood 
passers. 

Power  is  furnished  by  steam.  A  compound  engine  runs  the  spud  drums,  tlie 
guy  drums,  the  centrifugal  pumps,  the  trommel  and  the  stacker.  A  duplex 
engine  with  cylinders  12  X  18  inches  does  the  hoisting  of  the  dipper  and  a  small 
engine  with  a  7-inch  cylinder  swings  the  dipper  boom. 

Water  for  the  hopper  (2)  is  supplied  by  a  Blake  pressure  pump  with  3-ineh 
discharge  pipe.  Two  centrifugal  pumps  with  10-inch  discharge  pipes,  each 
delivering  about  2,500  gallons  per  minute,  supply  water  to  the  trommel  (3) 
through  a  perforated  spray  pipe. 

§  719.  Mill  No.  52.  Kia  Ora  Gold  Dredging  Compaj^y  on  the  Feather 
BiVER,  Orovillb,  California. — ^Theoretical  capacity  2,500  cubic  yards  per  24 
hours,  but  it  does  not  average  half  that  amount.  The  dredge  runs  24  hours  per 
day,  6  days  per  week,  as  far  as  possible.  The  material  is  auriferous  gravel  and 
sand  which  overlies  a  bed  rock  of  lava  ash  to  a  depth  of  16  to  26  feet  below  water 
line.  The  problem  is  to  save  the  gold.  This  dredge  is  working  3,000  feet  from 
the  river  and  a  paddock  11  feet  deep  had  first  to  be  dug  to  float  it  All  the 
dredging  machinery  is  mounted  on  a  scow  70  feet  long,  29  feet  wide,  and  5J  feet 
deep  with  an  undercut  stem  and  rounded  bow.  There  is  an  opening  extending 
from  the  bow  part  of  the  way  toward  the  stem  for  the  ladder  of  the  dredging 
buckets.     The  material  is  lifted  by  (1). 

1.  A  bucket  dredge  with  38  buckets,  each  holding  3J  cubic  feet  and  dumping 
13  buckets  per  minute.  The  buckets  have  sharp  renewable  hard  nickel  steel 
edges  for  digging  into  bed  rock  and  are  mounted  on  a  frame,  called  a  ladder, 
about  70  feet  long,  which  is  pivoted  at  the  upper  end  and  suspended  at  its  lower 
end  from  a  frame  a,*-  the  bow.  The  ladder  extends  16  feet  in  front  of  the  bow. 
The  buckets  are  driven  from  a  4-8ided  tumbler  at  the  upper  end  through  gearing 
and  belt  from  the  engine  and  pass  around  a  5-8ided  tumbler  at  the  lower  end, 
A  friction  clutch  allows  the  buckets  to  slip  in  case  they  meet  an  obstruction.  The 
buckets  dump  over  a  delivery  plate  to  (3) ;  any  drippings  from  the  buckets  are 
caught  on  (2). 

2.  Three  sets  of  grizzlies.  The  exact  details  are  not  known  to  the  author,  but 
they  presumably  yield  oversize  to  waste  and  undersize  to  the  tables.  (5). 

3.  From  (1).  A  trommel  of  plate  iron,  4  feet  diameter,  24  feet  long,  with 
9.5-mm.  round  holes,  revolving  on  friction  rollers  and  having  an  inside  per- 
forated spray  pipe  delivering  2,000  to  3,000  gallons  of  water  per  minute.  The 
material  is  disintegrated  as  well  as  screened.  Oversize  to  (4) ;  undersise  to 
distributing  boxes  and  thence  to  (5). 

4.  A  bucket  elevator  or  "stacker*'  driven  by  wire  rope  at  the  upper  end  which 
delivers  the  coarse  tailings  in  the  rear  of  the  scow  and  25  feet  above  water  level. 

5.  From  (2)  and  (3).  Four  inclined  stationary  tables,  each  about  10  feet 
long  and  11  feet  wide.  Each  table  is  divided  into  two  or  three  sections  *by  lon- 
gitudinal partitions.  The  tables  are  madfe  of  cast  iron  to  prevent  warping  and 
covered  with  cocoa  matting  which  is  overlaid  with  expanded  metal  riffles.  Nearly 
all  of  the  gold  is  caught  upon  the  upper  6  inches  of  the  tables.  Periodically  the 
material  is  shut  off  from  the  table  and  the  matting  taken  off  and  washed  in  (7) ; 
tailings  of  tables  to  (6). 

6.  A  flume  with  angle  iron  riffle  blocks.  Heavy  material  containing  gold, 
cleaned  out  periodically,  to  (8) ;  tailings  flow  over  the  stem  of  the  boat  to  waste, 

7.  From  (5).     Washing  tank.     Settlings  to  (8). 

8.  From  (6)  and  (7).  The  gold  which  is  mixed  with  black  sand  and  other 
waste  material  is  separated  out,,  cleaned  and  sent  to  market. 
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The  labor  required  is  seven  men:  1  dredge  master,  1  engineer,  3  winch  men 
(each  working  an  8-hour  shift),  2  firemen  (each  working  a  12-hour  shift). 

Power  was  furnished  by  steam  boilers  burning  about  2^  cords  of  good  wood 
per  24  hours.  A  vertical  compound  marine  engine  indicating  45  horse  power, 
ran  the  dredging  buckets,  the  trommel,  the  centrifugal  pumps  and  the  stacker. 
A  pair  of  dx)nkey  engines  ran  a  winch  with  six  drums :  four  for  the  mooring  lines 
from  the  four  comers  of  the  boat,  one  for  the  head  line,  and  one  for  raising  and 
lowering  the  ladder.  A  direct  connected  high  speed  engine  ran  the  electric  light 
dynamo.  All  steam  was  condensed  by  a  surface  condenser  placed  in  the  suction 
of  the  centrifugal  pump.  Electricity  has  since  been  brought  to  the  dredge  and 
tlio  machinery  is  now  run  by  electric  motors.  A  60-horse  power  induction  motor, 
delivering  an  average  of  25  horse  power,  runs  the  dredging  buckets.  A  20- 
horse  power  induction  motor  runs  the  trommel  and  stacker.  The  two  centrifugal 
pumps  each  require  15  horse  power. 

Water  is  pumped  from  the  pond  by  two  centrifugal  pumps.  One  delivers 
2,000  gallons  per  minute  to  the  trommel  and  the  other  supplies  the  distributing 
boxes  and  the  grizzlies.  As  the  dredge  is  in  an  artificial  pond;  the  seepage  has 
to  be  taken  care  of  and  it  is  necessary  to  pump  in  250^000  gallons  per  24  hours 
from  Feather  River  through  a  flume  3,000  feet  long. 

Material  in  this  district  runs  from  $0.16  to  $0.20  per  cubic  yard.  The  tailings 
of  the  dredge  seldom  show  a  trace  of  gold.  The  saving  made  by  the  dredge  is  esti- 
mated to  be  very  high.  During  a  certain  period  while  $2,500  was  cleaned  up 
from  the  tables  (5),  only  $16  was  obtained  from  the  riffles  (6).  The  cost  ig 
$0.05  per  cubic  yard,  including  depreciation  of  plant. 

During  a  period  of  430  days  the  dredge  was  able  to  work  only  275  days,  in 
which  time  340,068  cubic  yards  (bank  measurement)  were  lifted.  One  cubic 
yard  in  the  bank  swells  to  1.615  cubic  yards  in  the  bucket. 

§  720.  Gold  Dredging  in  General. — This  process  is  now  used  in  New  Zea- 
land, Australia,  Siberia,  Alaska,  British  Columbia,  and  in  the  states  of  Colorado, 
California,  Oregon.  Idaho  and  Montana.  Many  failures  have  been  made  through 
ignorance  of  the  fact  that  all  auriferous  ground  is  not  suitable  for  dredging. 
Unfavorable  ground  is  that  which  contains  large  boulders,  stumps  of  trees  and 
hard  and  broken  bed  rock  in  the  cracks  of  which  the  gold  will  accumulate  and  be 
removed  with  difficulty.  In  rivers  the  dredge  usually  works  up  the  stream  and  a 
swift  current  or  the  occurrence  of  floods  are  troublesome.  In  general  in  starting 
it  is  wise  to  do  some  prospecting  to  ascertain:  (1)  the  quantity  and  character  of 
the  gold  by  panning  or  by  a  test  run  on  material  from  the  surface  to  bed  rock ; 
(2)  the  room  for  a  dump  for  tailings;  (3)  the  absence  of  large  stones — over  600 
pounds — ^which  the  dreage  cannot  handle;  (4)  the  area  and  the  depth  of  the 
material  to  bed  rock;  (5)  the  amount  of  sediment  deposited  over  the  gold  bearing 
gravel  in  the  case  of  rivers ;  (6)  the  fuel  supply. 

Besides  the  continuous  bucket  and  the  dipper  dredges  of  Mills  51  and  52, 
other  types  have  been  employed  at  one  time  or  other,  such  as  the  clam  shell  dredge, 
the  orange  peel  dred^,  suction  dredges  and  an  Archimedes  screw  dredge.  The 
clam  shell  dredge  and  the  orange  peel  dredge  are  not  favored,  since  (1)  they  de- 
liver the  material  intermittently;  (2)  they  are  leaky,  allowing  the  gold  to  escape; 
and  (3)  the  dredge  must  be  set  on  spuds  as  otherwise  it  would  rock  and  interfere 
with  the  work  of  the  gold  saving  tables.  These  spuds  do  not  allow  so  much  elas- 
ticity as  mooring  lines  and  with  them  the  dredge  is  not  so  easily  moved.  Suction 
dreogeR  which  draw  up  the  material  by  means  of  large  centrifugal  pumps  with  a 
12-incb  suction  pipe  or  by  some  other  vacuum-producing  device  have  proved  fail- 
ures in  most  cases  although  two  are  used  on  the  Snake  River,  Idaho.  They  can- 
not deal  with  hard  rock  or  coarse  material  and  stones  are  liable  to  jam  in  tiie  suc- 
tion pipe.    The  power  consumed  by  them  is  very  high,  the  wear  is  considerable 
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and  they  fail  to  lift  the  heavy  gold  with  the  lighter  sand  owing  to  the  decrease  of 
suction  a  short  distance  away  from  the  pipe.  The  only  dredge  of  the  Archimedes 
>crew  type  known  to  the  author  was  located  in  California  and  proved  a  failure. 
The  dipper  dredge  (steam  shovel  type)  has  the  disadvantages  that  the  gold  is 
liable  to  leak  out  of  the  dipper,  it  delivers  the  material  intermittently,  it  requires 
spuds,  it  disturbs  the  gravel  more  and  is  more  costly  to  run  than  the  bucket  dredge. 
It  has  an  advantage  where  large  boulders  are  to  be  handled.  The  bucket  dredge 
is  the  favorite  dredge  to-day.  More  of  them  are  used  than  all  the  others  put 
together  and  in  some  cases  they  have  actually  replaced  dipper  dredges.  They  can 
handle  both  coarse  and  fine  material,  they  do  not  stir  up  the  gravel,  and  they  de- 
liver the  material  in  a  continuous  stream.  They  cannot  deal  successfully  with 
hard  and  tough  bed  rock  or  with  boulders  although  for  the  latter  on  some  bucket 
dredges  a  few  of  the  buckets  are  replaced  by  grabs  in  the  form  of  hooks.  Bucket 
dredges  have  been  made  with  buckets  of  all  sizes  up  to  9^  cubic  feet,  which  occurs 
on  a  Knott  dredge  and  which  corresponds  to  a  theoretical  capacity  of  6,400  cubic 
yards  in  24  hours.  There  is  a  limit  to  the  capacity  of  a  dredge  for  the  reason 
that  a  limited  area  can  be  allowed  for  the  gold  saving  tables.     To  overcome  this 

difficulty  the  dredged  mate- 
rial has  sometimes  been 
transferred  for  treatment 
to  apparatus  mounted  on  a 
second  scow  or  on  the  shore, 
but  so  many  new  difficul- 
ties are  met  with  that 
neither  of  these  schemes 
has  been  employed  to  any 
extent.  The  Knott  dredge 
also  has  an  arrangement 
whereby  the  buckets  are 
kept  vertical  and  come  up 
full,  no  matter  at  what 
depth  they  are  working, 
and  the  ladder  can  swing 
180°.  On  the  TJrie  dredge 
is  an  arrangement  whereby 
the  buckets  may  be  only 
partly  or  wholly  filled.  The 
Bucyrus  dredge  is  made  in 
two  forms: — the  single  lift 
and  the  double  lift.  The 
former  is  similar  to  that 
described  in  Mill  52  and  is 
shown  in  Pigs.  521a  and 
5216^  while  in  the  latter 
the  trommel  is  placed  at  a 
lower  level  and  the  fine 
undersize  of  the  trommel  is 
elevated  to  the  gold  sav- 
ing tables  by  a  centrifu- 
gal pump.  It  is  claimed 
that  the  blades  of  the 
pump  disintegrate  any  clay 
balls  that  may  have  pre- 
viously escaped.     It  would 
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also  brighten  the  gold  for  amalgamation^  if  amalgamation  were  used  on  dredges. 
Lnder  favorable  conditions  dredges  can  work  to  a  depth  of  60  feet  below  water 
level,  and  can  stack  tailings  to  a  height  of  60  feet  above  water  level.  Whou 
working  in  high  banks  a  hydraulic  nozzle  has  been  used  to  cut  down  the  bank  ii 
advance  and  thereby  prevent  the  buckets  from  being  buried  by  a  falling  bank. 
On  some  bucket  dredges  a  stream  of  water  is  used  to  wash  out  any  material  ad- 
hering to  the  inside  of  the  buckets  and  the  washings  together  with  any  spill  from 
the  buckets  are  pumped  up  and  run  over  the  tables. 

The  trommels  on  dredges  vary  from  16  to  25  feet  in  length,  are  made  of  steel 
plate  i  inch  thick,  or  sometimes  of  bars,  and  the  size  of  the  holes  varies  from  ^', 
inch  at  the  upper  end  to  f  inch  at  the  lower.  To  help  the  disintegration,  angle 
irons  have  been  used  on  the  inside  of  the  trommel.  On  some  dredges,  two  trom- 
mels are  uscfd.  Instead  of  trommels,  fixed  grizzlies  or  shaking  screens  are  found. 
Grizzlies  do  not  disintegrate  the  material  as  well  as  trommels.  Shaking  screen^ 
have  been  little  used  although  they  have  been  recently  installed  at  Oroville,  Cali- 
fornia, where  they  have  been  claimed  to  be  more  efficient,  to  use  less  power,  and  to 
use  less  than  half  as  much  water  as  a  trommel.  Stationary  screens  of  perforated 
plate  are  used  in  some  instances  for  fine  screening. 

The  rear  elevator  or  stacker  is  a  comparatively  recent  development  of  the 
process.  When  working  in  rivers  it  is  not  necessary  to  elevate  the  tailings,  and 
as  a  rule  in  other  places  it  is  only  the  coarse  tailings  that  are  lifted,  although 
occasionally  in  large  deposits  the  fine  stuff  is  taken  as  well  as  the  coarse.  The 
buckets  are  perforated  to  allow  the  water  to  drain  out,  as  otherwise  it  would  be 
dliimped  on  the  top  of  the  pile  and  would  wash  down  iiie  tailings.  Other  device 
are:  (1)  to  elevate  the  tailings  to  an  elevated  launder  and  let  them  flow  off  by 
gravity;  (2)  to  use  belt  conveyors  with  little  cleats  on  them  which  are  cheaper 
and  wear  less  than  bucket  elevators ;  (3)  to  pump  them  up  through  a  tailings  pipe, 
which  is  expensive  in  power  and  wear. 

Stationary  inclined  tables  covered  with  cocoa  matting  overlaid  with  expanded 
metal  or  wire  netting  are  the  form  of  gold  saving  appliance  in  common  use  to- 
day, but  many  other  forms  have  been  and  still  are  employed.  Among  them  are 
vanners,  riffles,  and  amalgamated "  plates.  A  dipper  dredge  connected  with  a 
vanner  plant  on  the  shore  proved  a  failure  in  one  case  in  California,  while  in 
another  case  it  did  not.  Biffles  (not  including  the  riffles  of  expanded  metal  on  the 
tables)  are  more  or  less  used  in  tiie  sluices  (see  §  510).  They  are  satisfactory  for 
catching  the  coarser  gold,  but  for  the  finer  particles  they  do  not  seem  to  be  as 
efficient  as  tables.  Riffles  with  mercury  in  them  are  not  favored.  With  amal- 
gamated  plates  the  coarse  material  passing  over  them  is  liable  to  scour  them  too 
much.  Another  obstacle  to  the  use  of  mercury  in  gold  dredging  is  that  the  gold 
is  generally  rusty,  that  is,  coated  with  some  foreign  suhstance  so  that  it  cannot  be 
amalgamated  without  first  being  brightened.  An  exception  to  the  use  of  mer- 
cury is  at  Oroville,  California,  where  they  now  use  tables  with  riffles  containing 
mercury  on  them,  and  with  frequent  steps  or  drops  in  the  table.  With  this 
arrangement  they  claim  to  save  12  or  13%  more  gold  which  formerly  went  to 
waste  ovnng  to  its  fineness.  Among  the  different  kinds  of  tables  found  on  differ- 
ent dredges  arc  the  following: — burlap,  burlap  followed  by  canvas,  burlap  over 
amalgamated  plates,  burlap  over  cotton  cloth  which  is  used  to  catch  any  gold 
that  sifts  through  the  coarse  burlap,  cocoa  matting  over  cotton  cloth,  baizi\ 
plush,  blankets,  Brussels  carpet.  Canton  fiannel,  and  rough  hoards.  All  of  the 
preceding  may  have  expanded  metal  over  them.  When  coarse  stuff  passes  over 
the  tables  they  are  quite  often  overlaid  a  short  distance  above  their  surface  by  a 
perforated  plate  which  arrangement  saves  wear  of  the  tables  and  gives  the  gold  a 
better  chance  to  be  caught.     As  a  rule  the  tables  slope  about  IJ  inches  per  fcwt 
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or  7**  7'.  They  are  16  to  18  feet  long  and  the  sections  are  3  or  4  feet  wide.  The 
xnatting  or  burlap  is  in  lengths  of  3  or  4  feet  to  be  easily  removed  for  cleaning. 
Tables  are  preferred  to  narrow  sluices  and  it  is  better  to  have  short  tables  of 
^ood  width  rather  than  long  tables  of  narrow  width. 

The  cleaning  of  the  tables  should  be  made  often  enough  to  prevent  loss  of  gold 
over  the  tail.  The  prevailing  opinion  is  that  when  the  surface  of  the  table  has 
been  filled  with  black  sand  from  head  to  tail  then  some  of  the  gold  will  be  unable 
to  displace  the  black  sand"  and  will  slip  by  to  waste. 

In  working  up  the  concentrates  from  the  tables  they  may  be  worked"  up  with 
morcTiry  in  a  clean  up  pan  or  some  similar  device  with  or  without  the  u-se  of  chem- 
icals, or  the  gold  may  be  extracted  from  them  by  further  concentration  as  indi- 
cated at  the  €fnd  of  §  605.  The  latter  method  is  the  usual  one.  A  method  used 
on  a  dredge  in  Montana  is  to  treat  the  concentrates  in  a  kieve  and  then  pan  the 
**bottom8"  or  heads  of  the  kieve. 

In  addition  to  the  use  of  steam  and  electricity  for  power  as  described  in  Mill 
52,  there  are  a  few  instances  of  the  use  of  water  power  in  the  shape  of  Pel  ton 
wheels  mounted  on  the  dredge  and  having  the  water  brought  to  them  under  a  suffi- 
cient head  through  a  flexible  pipe.  Formerly  the  so-called  current  wheel  dredges 
were  found  in  New  Zealand.  They  were  driven  by  the  current  of  the  river  by 
means  of  large  paddle  wheels  on  the  side  of  the  dredge.  These  had  a  small  first 
cost  and  small  labor  and  power  cost,  but  they  had  small  capacity  and  could  not 
run  except  where  the  current  was  strong.  When  two  or  three  dredges  are  working 
near  one  another  the  use  of  electricity  generated  at  a  central  station  is  more 
economical  than  steam  plants  on  each  dredge  and  smaller  boats  can  be  used. 

The  water  required*  on  a  dredge  is  2,000  gallons  more  or  less  per  cubic  yard 
dredged.  Where  a  dredge  is  working  in  an  artificial  pond  a.  supply  of  fresh  water 
is  necessary  in  order  to  prevent  the  water  from  becoming  too  muddy.  On  steam 
dredges,  drawing  the  water  through  a  condenser  serves  the  double  purpose  of  con- 
densing the  steam  and  warming  the  water  in  cold  weather. 

The  cost  of  dredging  is  very  variable,  depending  upon  the  conditions.  Under 
favorable  circumstances  the  work  can  be  done  for  $0.04  to  $0.12  per  cubic  yard. 
As  low  as  $0.03  is  reported.  The  average  daily  expenses  of  a  bucket  dredfee  should 
not  be  over  $55  to  $60  per  day  for  a  capacity  of  1,000  to  1,500  cubic  yards  per  24 
hours.  On  Snake  River,  Idaho,  a  centrifugal  pump  suction  dredge  cost  $100  per 
day,  a  bucket  dredge  cost  $75.  In  Montana  the  bucket  dredge  "A.  E.  Graeter," 
run  by  steam,  cost  $0.09  per  cubic  yard,  while  the  bucket  dredge  "F.  L.  Graves/' 
run  by  electricity,  cost  $0,045.  On  the  Yuba  River,  California,  the  cost  is  $0.03  to 
$0.05  per  cubic  yard.  In  New  Zealand  five  dredges  ranged  from  $0,032  to  $0,155 
with  an  average  of  $0,065.  If  many  difficulties  are  met  the  cost  will  be  consid- 
erably above  the  previous  figures.  The  cost  of  a  steam  dredge  in  position  will 
vary  from  $15,000  to  $60,000  or  even  more  depending  upon  its  location.  The 
Pomeroy  dredge  in  Eastern  Oregon  cost  $60,000,  handles  2,000  cubic  yards  in 
24  hours,  requires  10  men,  and  costs  $0.05  per  cubic  yard. 

GOLD  KILLS  WITH   GRAVITY  STAMPS  WITH  OR  WITHOUT  AMALGAMATED  PLATES 

AND  VANNER8. 

8  721.  Groups  (m)  to  (r)  inclusive  include  mills  for  extracting  gold  from 
mine  quartz  or  rich  gravel,  the  essential  feature  of  which  is  gravi^  rtamps,  to 
which  may  be  added  amalgamated  plates  and  vanners  and  many  other  devices. 
Instead  of  gravity  stamps  other  forms  of  fine  crushing  machinery  such  as  Hunt- 
ington mills,  ball  mills.  Chili  mills,  Tustin  mills,  etc.,  are  occasionally  used. 

After  stamping,  the  gold  may  be  in  any  of  the  following  conditions:-— 
free  and  bright  in  compact  forms ; 
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free  aud  bright  in  finely  abraded  slimes ; . 

rusty  in  compact  or  flattish  forms; 

included  in  pyritic  minerals,  compact  or  flattish; 

combined  with  tellurium,  compact  or  flattish; 

included  in  grains  of  quartz ; 

in  fine  pyritic  and  telluride  slimes. 
The  compact  bright  gold  and  the  finely  abraded  slime  gold  are  easily  caught 
on  amalgamated  plates ;  the  latter  is  probably  better  caught  if  the  plates  give  the 
pulp  successive  drops.  The  compact  grains  of  rusty  gold,  of  gold  included  in 
pyritic  mineral  and'  of  telluride  of  gold  are  easily  caught  by  a  vanner.  The 
flattish  grains  of  rusty  gold  and  telluride  and  the  included  grains  may  be  diffi- 
cult to  catch.  To  save  them  requires  the  putting  of  too  much  quartz  in  the  heads 
and  the  consequent  drop  in  assay ;  if  too  much  goes  into  the  tailings  the  tailings 
go  up  in  assay.  The  fine  slimes  of  pyritic  mineral  and  telluride  and,  if  no  amal- 
gamated plates  are  used,  the  finely  abraded  gold  go  into  the  tailings  of  the  vanner 
to  a  considerable  extent.  Tellurides  of  gold  are  diflScult  to  save  in  this  way  be- 
cause they  are  very  brittle  and  slime  badly,  they  do  not  amalgamate,  and  they  are 
more  or  less  volatilized  in  subseouent  roastinpr  operations.  In  case  they  are  pres- 
ent in  any  considerable  quantity  it  is  advisable  to  use  some  non-sliming  crushing 
apparatus,  then  to  concentrate  and  ship  the  concentrates  to  a  smelter.  The  Tus- 
tin  mill  at  Murphys,  California,  did  this  successfully. 

In  all  the  gold  mills  with  gravity  stamps,  graded  crushing  is  absent,  since  the 
object  of  using  stamps  is  to  pulverize  the  ore.  For  this  reason  the  use  of  griz- 
zlies probably  does  not  lessen  the  quantity  of  slimes  produced  but  merely  serves  to 
increase  the  capacity  of  the  breakers  and  lessen  their  wear.  Similarly  the  use  of 
a  fine  Dodge  breaker  between  the  automatic  feeder  and  the  stamps**®  has  the 
effect  of  only  increasing  the  capacity  of  the  stamps. 

(m)    GOLD  MILLS  WITH  GRAVITY  STAMPS  AND  VANNERS  BUT  WITH  NO  AMALGA- 
MATED PLATES. 

§  722.  This  group  includes  Mills  53,  54  and  55.  The  ores  are  dressed  by 
breakers,  California  stamps  stamping  coarse,  and  vanners.  The  compact  grains 
of  gold  or  mineralized  metal  are  all  easily  saved  by  the  vanners.  The  flattish 
and  included  grains  are  partly  saved  in  the  vanner  heads  and  partly  lost  in  the 
tailings.  The  finely  slimed  mineralized  and  free  metal  are  saved  only  so  far  as 
the  vanner  can  save  them,  unless  a  canvas  plant  is  used  as  noted  under  Mill  55. 

Amalgamated  plates  are  not  used  in  these  mills  because  the  amount  saved  by 
them  would  be  too  small.  Mill  53  would  save  30%  of  the  gold  as  free  gold  by 
mercury,  but  this  gold  is  caught  by  the  concentration  and  the  final  saving  is  the 
same,  and  one  process  is  used  instead  of  two.  Since  it  is  cheaper  to  recover  gold 
by  amalgamation  than  it  is  by  concentration  followed  by  chlorinating  or  smeltinfr 
of  the  concentrates,  it  will  be  a  question  for  the  ledger  to  decide  whether  to  uso 
amalgamation  and  concentration  combined  or  concentration  alone.  In  the  lat- 
ter case,  some  other  form  of  crushing  apparatus,  snch  as  a  Tustin  mill,  which  doe? 
not  make  as  many  fines  as  stamps,  would  be  preferred. 

§  723.  Mill  No.  53.  Hector  Mining  Company,  Telluride,  Colorado. — 
Capacity  90  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  probably  7  days 
per  week.  The  ore  consists  of  the  economic  minerals  pyrite,  a  little  ehalcopyrite 
and  tetrahedrite,  and  a  very  little  galena  and'  free  gold,  and  a  gangue  of  white  and 
blue  quartz.  The  problem  is  to  save  the  gold,  silver,  and  lead.  The  ore  i> 
brought  in  cars  holding  2,700  pounds  to  (1). 


§  724 
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1.  Three  No.  1  or  receiving  bins  with  45**  bottom,  each  holding  100  tons.  By 
three  gates  and  chutes  to  (2). 

2.  Three  No.  1  Dodge  breakers,  IJ  X  6  inches,  crushing  to  }  inch.     To  (3). 

3.  Three  No.  2  bins,  each  holding  50  tons.    By  six  Hendy  feeders  to  (4). 

4.  Thirty  gravity  stamps  arranged  in  six  batteries,  using  a  screen  with  0.70-mm. 
square  holes.  Pulp  to  (5) ;  at  weekly  clean  up,  scrap  iron  to  waste  and  coarse 
rock  returned  to  mortar. 

5.  Ten  4-foot  Frue  vanners  and  two  7-belt  Woodbury  vanners.  Head's  shipped 
to  smelter ;  tailings  to  waste. 

The  labor  required  is  10  men  per  24  hours  divided  into  two  shifts  of  12  hours 
each :  4  breaker  men,  2  stamp  men,  2  vanner  men,  and  2  others.  Wages  range 
from  $3  to  $4.50  per  day.  Board  costs  $30  per  month,  coal  $10  per  ton  and  wood 
$5  per  cord. 

Power  for  six  months  in  summer  is  derived  from  water  power  running  Pelton 
wheels  under  a  head  of  425  feet.  A  3-foot  wheel  runs  the  breaker  and  stamps  and 
a  smaller  wheel  runs  the  vanners.  In  winter  the  power  is  furnished  by  two  60- 
horse  power  fire  tube  boilers  and  one  100-horse  power  engine.  The  horse  power 
used  is :  breakers,  15 ;  stamps  and  feeders,  35 ;  vanners,  10 ;  total,  60. 

Water  is  derived  from  Marshall  Creek  by  a  pipe  12  inches  diameter  and  1,200 
feet  long.  The  stamps  use  34,560  gallons  in  24  hours  and-  the  vanners  17,280 
gallons. 

The  ore  runs  $5  to  $10  per  ton.  The  concentrates  contain  5  to  10  ounces  gold 
per  ton,  30  to  35  ounces  silver,  and  5  to  12%  lead.  The  tailings  contain  a  trace 
of  gold  and  0.75  to  1.00  ounce  silver  per  ton.  One  hundred  tons  of  ore  yield  5 
tons  of  concentrates  anni  95  tons  of  tailings.  The  mill  saves  90  to  95%  of  the  gold 
and  65%  of  the  silver. 

§  724.  Mill  No.  54.  Hornsilver  Mining  Company,  Frisco,  Utah. — Ca- 
pacity 100  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  probably  7  days 
per  week.  The  ore  consists  of  the  economic  minerals  native  silver,  argentite, 
cerargyrite,  and  cerrusite,  and  a  gangue  of  quartz,  calcite  and  siderite.  The 
problem  is  to  save  the  lead,  silver,  and  gold.  The  ore  is  sorted  into  smelting  ore 
which  goes  to  the  smeller,  and  concentrating  ore  to  (1). 

1.  A  gravel  screen  with  l^-inch  square  holes.  Oversize  to  (2) ;  undersize  to 
(3). 

2.  One  No.  1  breaker,  a  Comet  D,  crushing  to  2  inches.     To  (3). 

3.  From  (1)  and  (2).     Mill  bin.     By  six  chutes  and  six  Hendy  feeders  to  (4). 

4.  Thirty  gravity  stamps  arranged  in  six  batteries,  using  a  24-me8h  wire  screen. 
Pulp  to  (5). 

5.  Six  6-foot  Frue  vanners.     Heads  to  (7) ;  tailings  to  (6). 

6.  Twelve  6-foot  Frue  vanners.    Heads  to  (7) ;  tailings  to  waste  pond. 

7.  Prom  (5)  and  (6).  The  concentrates  are  sold  to  the  silver-lead  smelters  to 
the  highest  bidder. 

Water  is  pumped  back  from  the  waste  pond  to  the  mill. 
Analyses  are  as  follows : 


Rmeltinir  on»  frntn  the  mine 

CVmoeDtrAtini?  ore  from  the  mine. , 

Concent  rates 

TAllinKS 


Silver. 
Ounces  per  Ton. 


80 

4otoeo 

1.6 


Gold. 
OunoeB  per  Ton. 


0.06 

OListoaas 

Trace. 


L  nd. 
% 

Copper. 

40 

16 

60  to  70 

2 

8 

Trace. 

One  hundred  tons  of  ore  mined  yield  20  to  40  tons  of  smelting  ore,  and  60  to 
80  tons  of  concentrating  ore.  Eighty  tons  of  concentrating  ore  yield  about  15 
tons  of  concentrates  and  65  tons  of  tailings. 
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The  reader  will  notice  the  arrangement  of  the  vanners  in  series  with  six  in  the 
first  set  and  twelve  in  the  second,  instead  of  eighteen  in  parallel  as  would  be  tiie 
usual  arrangement.  At  this  mill  the  loss  in  silver  is  mainly  due  to  oerargyrite 
(homsilver)  which  is  diflScult  to  save  owing  to  its  scaly  form,  and  which  slips 
away  in  the  tailings.  This  mineral  has  the  name  of  being  difficult  to  concentrate 
but  at  Tombstone,  Arizona,^^  a  plant  is  reported  to  have  worked  very  sucoeaafiUly 
on  tailings  from  pan  amalgamation  which  contained  hornsilver  down  to  tl^ 
fineness  of  slimes.  The  plant  had  a  capacity  of  150  to  170  tons  in  24  hours  and 
consisted  of  two  1.2-mm.  trommels  and  a  box  classifier,  the  products  of  which  were 
at  first  treated  on  two  jigs  and  six  convex  revolving  slime  tables;  later  the  coarsest 
slime  tables  were  replaced  by  Frue  vanners. 

§  725.  Mill  No.  55.  Pandora  Mill  of  the  Smugglbr-Union  Minixo 
Company,  Telluride,  Colorado. — Capacity  130*  tons  in  24  hours.  The  mill 
runs  24  hours  per  day,  7  days  per  week.  The  ore  consists  of  the  economic 
minerals  pyrite,  chalcopyrite,  galena,  sphalerite,  several  arsenical  silver  minerals 
and  occasionally  native  gold  and  silver,  all  finely  disseminated,  and  a  gangne  of 
quartz  with  a  little  rhodocrosite,  calcite  and  barite.  The  ore  is  hauleS  in  cars, 
holding  1  ton,  to  the  rock  house  where  rich  smelting  ore  is  picked  out  on  chutes 
and  aprons,  and  the  residue  goes  by  a  Bleichert  wire  tramway,  with  buckets  hold- 
ing 500  pounds,  1  mile  to  (1). 

1.  No.  1  or  receiving  bin  holding  25  tons.     By  shovel  to  (2). 

2.  One  No.  1  Blake  breaker,  10  X  16  inches,  crushing  to  1|  inches.     To  (3). 

3.  No.  2  or  stamp  bin,  holding  200  tons.  By  10  gates  and  chutes  and  10 
Hendy  feeders  to  (4). 

4.  Fifty  gravity  stamps,  arranged  in  ten  batteries,  using  screens  with  1.10-mm. 
square  holes.  Pulp  to  (5) ;  at  monthly  clean  up,  scrap  iron  to  waste,  coarse  ore 
returned  to  mortar. 

5.  No.  1  vanners.  Sixteen  4-foot  Frue  vanners  and  fourteen  4-foot  Triumph 
vanners.     Heads  to  smelter;  tailings  to  (6). 

6.  A  screen  with  40-mesh  holes.     Oversize  to  (7) ;  undersize  to  waste. 

7.  A  Huntington  mill  with  probably  a  40-mesh  screen.     To  (8). 

8.  No.  2  vanners.     Heads  to  smelter ;  tailings  to  waste. 

The  labor  required  is  23  men  per  24  hours  dividfed  into  two  shifts  of  12 
hours  each :  2  engineers,  2  firemen,  2  breakermen,  2  stamp  men,  4  vanner  men  and 
11  others.     Wages  vary  from  $3.50  to  $4.50  per  day.     Board  costs  $30  per  month. 

Power  is  furnished  by  two  fire  tube  boilers  16  feet  long,  4^  feet  diameter,  with 
44  tubes  Si  inches  diameter,  running  under  a.  steam  pressure  of  90  pounds  per 
square  inch,  and  an  engine  with  cylinder  18  X  36  inches,  making  78  revrfutions 
per  minute,  cutting  off  at  f  stroke  and  indicating  150  horse  power. 

The  water  required  for  the  stamps  is  132  gallons  per  minute.  The  ore  stamped 
contains  about  0.5  ounce  gold  and  13  ounces  silver  per  ton ;  the  concentrates  con- 
tain 2  to  3  ounces  gold  and  50  ounces  silver ;  the  tailings  contain  0.14  ounce  gold 
and  6  ounces  silver  per  ton.  About  10  or  15%  of  the  ore  mined  is  picked  out  in 
the  rock  house  as  rich  smelting  ore.  One  hundred  tons  of  ore  stamped  yield  about 
20  tons  of  concentrates  and  80  tons  of  tailings.  The  mill  saves  about  80%  of  the 
gold  and  about  60%  of  the  silver. 

An  analvsis  of  the  ore  showed :  SiOj  (silica),  70.42%  ;  FeS^  (pyrite),  5.57% ; 
Pe^O.,,  3.64% ;  MnCOg,  1.69%  ;  Al^O,,  9.94% ;  CaCO,  (calcite),  3.54*%  ;  MgCO.. 
0.98%  ;  ZnS  (blende),  1.52%  ;  PbS  (galena),  0.76%  ;  Cu^SFe^^S,  (chalcopvrite), 
0.17%.  An  analysis  of  the  concentrates  showed :  SiO^,  39.92%  ;  PeSj,  26.89% ; 
Pe.O,,  4.50%  ;  MnCO,,  3.51%  ;  AUO,,  6.20%  ;  CaCO,,  4.48%  ;  MgCOa,  2.27%; 
ZnS/5.94%  ;  PbS,  3.76%  ;  Cu,SFe:S,,  0.51%. 

The  reason  given  for  pulverizing  this  ore  by  stamp*?  is  that  the  mineral  is 

♦  Since  Increased  to  200. 
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finely  disseminated  in  the  gangue  and  that  in  order  to  liberate  it,  stamps  are 
necessary  even  though  they  are  productive  of  considerable  loss  through  sliming. 
This  loss  is  bound  to  occur  with  stamps  although  they  use  a  coarser  screen  than 
is  usual. 

Recent  changes  in  this  mill  are  to  use  a  10-mesh  screen  in  the  stamps  instead 
of  a  14-mesh  (1.10  mm.)  and  thereby  to  increase  the  capacity  to  200  tone  in  24 
hours.  The  pulp  from  the  stamps  goes  to  a  20-me8h  trommel.  The  oversize  of 
the  trommel  is  crushed  by  rolls  and  then  joins  the  undersize  which  is  treated 
on  vanners.  A  Gates  canvas  plant  similar  to  Mill  78,  containing  7,000  square 
feet  of  canvas,  has  also  been  installed  to  treat  the  tailings  of  the  mill.  About 
75  to  80%  of  the  coarse  material  goes  to  cyanide  treatment  from  the  hydraulic 
classifier  spigot  and  the  remainder  goes  to  the  canvas  tables.  Before  it  was 
in  final  running  order  it  was  saving  $2,000  per  month  of  value  which 
formerly  went  to  waste.  The  concentrates  of  the  canvas  plant  contain  1  ounce 
gold  and  60  ounces  silver  per  ton  and  7%  lead. 

(»)    GOLD   MILLS    WITH   GRAVITY    STAMPS    AND    AMALGAMATED    PLATES    BUT    NO 

VANNERS. 

§  726.  In  Mill  56,  which  is  the  only  mill  in  this  group,  the  gold  is  coarse  gravel 
gold,  and  hence  the  very  coarse  screen  and  high  speed  of  stamping.  The  compact 
nuggets,  thin  forms  and  finely  slimed  gold  are  nearly  all  caught  on  short  amalga- 
mated plates  or  in  riffles  containing  mercury.  The  rusty  gol«d<  and  black  sand 
are  mostly  caught  in  riffles ;  the  black  sand  is  subsequently  cleaned  up  with  a  hand 
pan. 

§  727.  Mill  No.  66.  Franklin  Mining  Company,  Placerville,  Califor- 
yiA. — Capacity  60  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  7  days 
per  week.  This  is  a  cement  gravel  mine  in  which  the  ore  consists  of  the  economic 
mineral  native  gold  and  a  gangue  of  loosely  cemented  conglomerate  lying  on 
bed  rock  and  containing  some  black  sand.  The  problem  is  to  save  the  gold. 
The  ore  is  brought  in  cars,  each  holding  1,600  pounds,  and  dumped  into  (1). 

1.  Receiving  bin  holding  300  tons.  By  gates  and  chutes  and  two  Hendy 
feeders  to  (2). 

2.  Ten  gravity  stamps  arranged  in  two  batteries,  using  screens  with  1.60-mm. 
pquare  holes  and  having  mercury  fed  to  the  mortar.  Pulp  to  (3) ;  at  weekly 
clean  up,  scrap  iron  to  waste,  coarse  ore  returned  to  (2),  amalgam  to  (9),  and 
black  sand  to  (10). 

3.  Pour  sets  of  amalgamated  plates  and  riffles,  one  in  front  and  one  behind 
each  battery.  Each  consists  of  the  following  in  sequence:  A  splash  plate,  a 
lip  plate,  an  apron  plate  and  five  cross  riffles  containing  mercury.  Amalgam 
from  plates  and  riffles  removed  every  7  days  to  (9) ;  pulp  to  (4). 

4.  Two  collecting  sluice  boxes,  one  in  front  and  one  behind  the  batteries.  Each 
contains  round  hole  riffles  with  four  cross  riffles  at  the  end.  Black  sand  and 
amalgam  are  cleaned  out  monthly  and  separated  by  hand  pans,  the  former 
going  to  (10)  and  the  latter  to  (9)  ;  pulp  to  (5). 

5.  One  main  sluice  with  longitudinal  riffles.  Black  sand  cleaned  out  monthly 
to  (10);  pulp  to  (6). 

6.  One  undercurrent  with  IS-mesh  holes.  Oversize  and  some  of  the  water  to 
(7) ;  undersize  and  most  of  the  water  to  (8). 

7.  One  sluice  with  Hungarian  riffles.  Black  sand  cleaned  out  monthly  to  (10)  ; 
pnlp  to  waj»te. 

8.  From  (6).  Three  fixed  inclined  tables  covered  with  old  stamp  screens. 
Waok  sand  cleaned  off  monthly  to  (10) ;  pulp  to  waste. 

9.  From  (2),  (3),  (4),  (10),    The  amalgam  is  squeezed  and  then  contain.^ 


1018  ORE  DBB88INQ.  §  728 

about  50%  gold.  It  is  retorted  and  the  retort  residue  shipped  to  market  without 
melting.  The  mercury  is  used  over  in  the  mill. 

10.  From  (2),  (4),  (5),  (7),  (8).  An  amalgamating  barrel  making  30 
revolutions  per  minute,  in  which  the  black  sand  is  ground  by  hard  round  stones 
with  mercury  and  a  little  sulphuric  acid.  Amalgam  to  (9);  tailings  stored  for 
further  treatment. 

The  labor  required  for  the  mine  and  mill  is  20  men  per  24  hours.  Wages 
vary  from  $2.50  per  day  for  laborers  to  $3  for  mechanics.  Board  costs  $5  per 
week  and  wood  is  $3  per  cord. 

Power  is  furnished  by  a  Pel  ton  wheel,  6  feet  diameter,  with  }-inch  nozzle, 
using  15  miner's  inches  of  water  (about  180  gallons  per  minute)  under  a  head 
of  180  feet  and  rated  at  9  horse  power. 

The  water  for  the  mill  is  part  of  the  waste  from  the  Pelton  wheel  and  the 
amount  fed)  to  the  ten  stamps  is  67  gallons  per  minute.  Water  costs  $0.30  per 
miner's  inch  per  24  hours. 

The  ore  contains  0.12  to  0.40  ounce  gold  per  ton.  The  black  sand  assays  1 
to  2.5  ounces  gold  per  ton.  The  gold  is  935  to  956  fine.  One  hundred  tons  of  ore 
yield  a  little  over  1  ton  of  black  sand  and  99  tons  of  tailings.  The  mill  saves 
by  amalgamation  from  0.12  to  0.25  ounce  gold  or  even  more  from  each  ton  of 
ore.  The  loss  of  mercury  is  very  small. 

(0)    GOLD  MILLS  WITH  GRAVITY  STAMPS,  AMALGAMATED   PLATES   AND  VANKEES. 

§  728.  This  group  includes  Mills  57  to  70  inclusive.  They  treat  ores  contain- 
ing free  gold  with  auriferous  pyritic  minerals.  The  compact  grains  of  gold  and 
most  of  the  finely  slimed  gold  are  caught  on  amalgamated  plates.  The  compact 
pyrite  and  rusty  gold  are  caught  in  the  heads  of  the  vannor.  The  flattish  and 
included  grains  are  partly  caught  in  the  heads  and  partly  lost  in  the  tailings  of  the 
vanner.  The  finely  slimed  pyritic  mineral  is  caught  only  so  far  as  the  vanner  is 
able  to  catch  it. 

§  729.  Mill  No.  57.  North  Star  Mining  Company,  Grass  Valley,  Cali- 
fornia.— Capacity  64  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  6 
days  per  week.  The  ore  consists  of  the  economic  minerals  free  gold  and  auriferou> 
pyrites,  and  a  gangue  of  quartz.  The  quartz  vein  is  in  a  country  rock  of  diaba.^e. 
The  problem  is  to  save  the  gold.  The  ore  is  hand  picked  in  the  mine  into  clean 
waste  and  milling  ore.  Both  classes  are  hoisted  separately  in  cars  holding  1,400 
pounds,  the  former  going  to  the  dump  and  the  latter  being  trammed  over  a 
trestle  to  (1). 

1.  Eight  grizzlies  with  2-inch  spaces.     Oversize  to  (2)  ;  undersize  to  (4). 

2.  Eight  No.  1  bins  with  bottoms  sloping  43**.     By  gates  to  (3). 

3.  Three  No.  1  Blake  breakers,  9  X  15  inches,  crushing  to  1^  inches.     To  (4). 

4.  From  (1)  and  (3).  Eight  No.  2  bins  with  bottoms  sloping  43®  and 
each  holding  30  tons.  By  eight  gates  and  chutes  and  eight  Hendy  leeders  to  (5). 

5.  From  (4)  and  (10).  Forty  gravity  stamps  arranged  in  eight  batteries, 
using  screens  with  0.79-mm.  round  holes  and  having  mercury  fed  to  the  mortar. 
Pulp  to  (6) ;  at  fortnightly  clean  up,  amalgam  to  (10)  and  battery  residue  to 
(8). 

6.  Eight  sets  of  amalgamated  plates  and  mercury  traps.  Two  sets  have  the 
following  sequence:  A  lip  plate.  No.  1  mercury  trap,  apron  plate,  sluice  plate. 
No.  2  mercury  trap,  No.  3  mercury  trap.  Six  sets  have  the  following  sequence: 
A  lip  plate,  No.  1  mercury  trap,  apron  plate,  first  sluice  plate,  second  sluice  plate, 
Yo.  2  nioicury  trap.  Pulp  to  (7)  :  at  daily  clean  np.  amalgam  from  plates  to 
(10)  ;  and  less  often  amalgam  from  traps  to  (10)  and  heavy  sand  to  (8). 
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7.  'J'welvc  four-foot  Triumph  vanners  and  four-foot  Frue  vanners.  Heads 
to  cblnrinat^on  works ;  tailings  to  waste. 

8.  From  (5)  and  (6).  Clean  up  barrel,  run  only  at  time  of  fortnightly  clean 
up.     Pulp  hosed  out  to  (9). 

9.  Mechanical  batea.  Heads  consisting  of  amalgam  and  coarse  material  to 
(10) ;  tailings,  settled  in  a  settling  tank  and  thence  to  chlorination  works. 

10.  From  (5),  (6),  (9).  Clean  up  room  containing  a  clean  up  pan,  three 
panning  sinks,  hand  pans,  etc.  The  products  are  scrap  iron  to  waste;  coarse 
ore  to  (5);  concentrates  to  chlorination  works;  amalgam  which  is  squeezed, 
retorted  and  melted  to  go  to  market ;  quicksilver  used  over  in  the  mill. 

The  labor  required  is  5  men  per  24  hours.  Wood  costs  $4  per  cord. 

The  power  is  furnished  by  tnree  Pelton  wheels  running  under  a  head  of  275 
feet.  One  wheel  3  feet  diameter,  with  |^inch  nozzle,  making  372  revolu- 
tions per  minute,  drives  the  rock  breakers;  one  wheel  6  feet  diameter,  with 
Iff-inch  nozzle,  making  190  revolutions,  drives  the  stamps;  one  wheel  2 
feet  diameter,  with  }-inch  nozzle,  making  390  revolutions  per  minute,  drives  the 
vanners.  The  wheels  use  110  miner's  inches  of  water  (about  1,276  gallons  per 
minute). 

In  addition  to  the  water  used  by  the  Pelton  wheels,  the  stamps  and  vanners 
require  10  miner's  inches  (about  116  gallons  per  minute). 

The  ore  contains  from  0.4  or  0.6  to  1.5  ounces  gold  per  ton,  average  about  0.9 
ounce.  The  gold  is  856  fine.  The  concentrates  assay  from  2.5  to  3.0  ounces  gold 
por  ton  and  the  tailings  about  0.025  ounce  per  ton.  One  hundred  tons  of  ore 
yield  IJ  to  4  tons  of  concentrates  and  96  to  98J  tons  of  tailings.  The  mill  saves 
85  to  91%  of  the  gold  by  amalgamation,  6  to  12%  in  the  concentrates  and  the 
remaining  3%  is  lost  in  the  tailings.  Of  the  gold  saved  by  amalgamation,  66% 
is  caught  in  the  mortar,  23%  on  the  lip  and  apron  plates,  8%  on  the  sluice  plate 
and  3%  on  the  lower  plates. 

§  730.  Mill  No.  68.  Mabyland  Mining  Company,  Grass  Valley,  Cali- 
fornia.— Capacity  80  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  7  daye 
per  week.  The  ore  consists  of  the  economic  minerals  free  gold  and  auriferous 
pyrites  and  a  gangue  of  hard  quartz  and  slate.  The  vein  is  2\  feet  widte  and  is 
between  a  hanging  wall  of  diorite  and  a  foot  wall  of  slate.  The  problem  is  to 
pave  the  gold.  The  ore  is  hoisted  up  an  incline  in  a  car  holding  1,000  pounds  and 
dumped  upon  (1). 

1.  Beoeiving  bin  with  bottom  sloping  46®  and  holding  500  tons,  roughly 
divided  into  hiro  parts.    By  eight  gates  and  chutes  and  eight  Hendy  feeders  to 

(2). 

2.  Forty  gravity  stamps  arranged  in  eight  batteries,  using  screen  with  0.54 
and  0.59-mm.  square  holes.  Pulp  to  (3) ;  at  fortnightly  clean  up,  fine  battery 
residue  to  (7),  coarse  returned  to  mortar. 

3.  Eight  sets  of  amalgamated  plates  and  mercury  traps,  each  arranged  in 
the  following  sequence:  First  apron  plate.  No.  1  mercury  trap,  second  apron 
plate.  No.  2  mercury  trap,  sluice  plate,  No.  3  mercury  traps.  Pulp  to  (4) ;  at 
daily  clean  up,  amalgam  from  plates  to  (8) ;  less  often,  amalgam  from  traps 
to  (8),  and  heavy  sand  to  (7). 

4.  Ten  4-foot  Frue  vanners  and  six  5-foot  Triumph  vanners,  all  with  amal- 
gamated plates  on  their  distributors.  Amalgam  cleaned  off  periodically  to  (8) ; 
heads  to  (9) ;  overflow  of  heads  tank  to  (5)  ;  tailings  to  waste. 

5.  Forty-eight  No.  1  settling  tanks  arranged  in  16  sets  with  three  in  series  in 
each  set.   Settlings  to  (9)  ;  overflow  to  ((?). 

6.  One  No.  2  settling  tank.   Setilingjj  to  (9)  ;  overflow  to  wasta 

7.  From  (2)  and  (3).  A  clean  up  pan  run  only  at  fortnightly  clean  up.  Pulp 
is  worked  up  by  hand  pans  in  (8). 
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8.  From  (3),  (4),  (7).  Clean  up  room  containing  the  clean  up  pan,  hand 
pans,  panning  sink,  straining  cloths,  etc.  The  products  are  scrap  iron  to  wa^te : 
concentrates  to  (9) ;  amalgam  retorted,  meltea  and  shipped  to  market;  quick- 
silver used  again  in  the  mill. 

9.  From  (4),  (5),  (6),  (8).  Smelting  works.  The  smelting  charges  heinj: 
$16  per  ton  make  this  preferable  to  chlorination,  which  costs  $18  to  $20  per  ton. 

The  labor  required  i?  four  men  per  24  hours.  Wages  vary  from  $2.50  per  day 
for  laborers  to  $3  for  mechanics.  Board  costs  $5  per  week. 

Power  is  furnished  by  a  Pelton  wheel  5  feet  in  diameter. 

§731.  Mill  No.  69.  The  Empirb  Mill,  Orass  Valley,  Calipornia.— 
Capacity  60  tons  in  24  hours.  The  mill  runs  24  hours  per  day,  6  days  per  week. 
The  ore  consists  of  the  economic  minerals  native  gold  and  auriferous  pvriteji 
and  a  gangue  of  hard  quartz  and  slate.  The  vein  is  1  foot  thick  in  a  country- 
rock  of  diabase.  The  problem  is  to  save  the  gold.  The  ore  is  hoisted  in  cai^ 
holding  1 .333  pounds  to  (1). 

1.  Twelve  No.  1  or  receiving  bins,  supplied  with  ore  each  from  its  own  level, 
stope  or  shaft,  and  from  any  one  of  which  ore  can  be  supplied  to  any  battery. 
Ore  wheeled  to  (2). 

2.  Four  grizzlies  with  3-inch  spaces.   Oversize  to  (3) ;  undcrsize  to  (4). 

3.  Two  Blake  breakers,  9  X  14  inches,  crushing  to  2  inches.    To  (4). 

4.  From  (2)  and  (3).  One  No.  2  or  mill  bin  with  four  sections,  two  for  each 
breaker.  The  sections  are  26  and  34  feet  long,  16  feet  wide  and  12  feet  decFp.  with 
the  bottom  sloping  40**.  By  gates  and  chutes  and  eight  Hendy  feeders  to  (5). 

5.  Forty  gravity  stamps  arranged  in  five  batteries,  using  screens  with  0.635- 
mm.  round  holes,  and  having  mercury  fed  to  the  mortar.  Pulp  to  (6)  ;  at  fort- 
nightly clean  up,  amalgam  and  battery  residue  to  (8). 

6.  Eight  sots  of  amalgamated  plates  and  mercury  traps,  each  arranged  in  the 
following  sequence:  First  apron  plate,  No.  1  mercury  teap,  second  apron  plate, 
sluice  plate,  No.  2  mercury  trap.  Pulp  to  (7) ;  at  fortnightly  clean  up,  amadgam 
from  plates  to  (8) ;  amalgam  and  heavy  sand  from  traps  to  (8). 

7.  Sixteen  4-foot  Triumph  vanners.  Heads  to  chlorination  works;  tailings  to 
waste. 

8.  From  (5)  and  (6).  Cleaning  up  apparatus,  consisting  of  small  grinding 
pan,  hand  pans,  amalgamated  plates,  settling  tank,  retort,  etc.  The  products  are 
coarse  ore  back  to  (5),  amalgam  to  retort  and  the  gold  to  market,  fine  concen- 
trates to  chlorination  works,  coarse  concentrates  saved  to  be  reground  in  fhe  pan, 
mercury  to  be  used  over  again  in  the  mill. 

The  labor 'required  is  7  men  per  24  hours.  Wages  vary  from  $1.50  or  $2.50  per 
day  for  laborers  to  $3  or  $3.50  for  mechanics. 

Power  is  furnished  by  Pelton  water  wheels  running  undfer  a  head  of  450  feet 
One  wheel  6  feet  diameter,  using  a  If -inch  nozzle,  making  220  revolutions  per 
minute  and  developing  80  horse  power,  runs  the  breakers  and  stamps.  One  wheel 
2  feet  diameter,  with  a  f-inch  nozzle  not  fully  opened,  making  440  revolutions 
and  developing  7  horse  power,  runs  the  vanners. 

Water  is  brought  in  through  a  main  pipe  22  inches  diameter,  with  branches 
13  inches  and  4  inches  diameter.  The  power  uses  87  miner's  inches  (about  972 
gallons  per  minute),  and  the  stamps  and  vanners  use  15  miner's  inches  (about 
168  gallons  per  minute).  Water  costs  $0.18  per  miner's  inch  per  24  hours. 

The  ore  contains  0.25  to  1.5  ounces  gold  per  ton.  The  gold  is  805  fine.  The 
concentrates  contain  from  4  to  12  ounces  gold  per  ton.  Tlie  tailings  run  from 
0.038  to  0.05  ounce  per  ton.  One  hundred  tons  of  ore  yield  2J  tons  of  concen- 
trates and  97}  tons  of  tailings.  On  high  grade  ore  the  mill  saves  about  75^ 
by  amalgamation  and  20%  in  the  concentrates  and  about  5*%  is  lost  in  the  tail- 
ings. On  low  grade  ore  the  corresponding  figures  are  50,  36,  and  15%  respectively. 
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Of  the  gold  saved  by  amalgamation,  f  comes  from  the  mortar  and  \  from  the 
plates.   The  loss  of  mercury  is  0.45  ounce  per  ton  of  ore. 

Since  this  mill  was  visited  by  the  author,  a  canvas  plant  has  been  added  for 
treating  the  tailings  and  it  saves  about  4%  of  the  value  of  the  original  ore 
which  formerly  went  to  waste. 

§  732.  Mill  No.  60.  The  W.  Y.  0.  D.  Mill  (Work  Your  Own  Digoinqs), 
Grass  Valley,  California. — Capacity  34  tons  in  24  hours.  The  mill  runs  24 
hours  per  day,-?  days  per  week.  The  ore  consists  of  the  economic  minerals  native 
gold  and  auriferous  pyrites  and  a  gangue  of  hard  quartz  and  slate.  The  problem 
is  to  save  the  gold.  The  ore  is  brought  in  cars  to  a  No.  1  or  receiving  bin  from 
which  it  is  delivered  to  a  No.  3  Gates  breaker,  crushing  to  2  inches.  The 
crushed  ore  falls  to  the  No.  2  or  mill  bin  and  is  thence  fed  by  four  gates 
and  chutes  and  four  Hendy  feeders  to  twenty  gravity  stamps  arranged  in  four 
batteries.  These  have  mercury  fed  to  the  mortar  and  use  screens  with  40-mesh 
round  holes.  The  mortars  are  cleaned  out  fortnightly  and  yield  amalgam,  which 
is  retorted,  and  the  gold  sent  to  market,  scrap  iron  to  waste,  coarse  ore  and  sand 
returned  to  the  mortar,  and  mercury  used  over  in  the  mill.  The  pulp  from  the 
mortar  passes  to  four  parallel  sets  of  amalgamated  plates  and  mercury  traps. 
Each  set  consists  of  an  apron  plate  followed  by  No.  1  mercury  trap.  These  are 
cleaned  fortnightly,  and  the  material  obtained  is  worked  up  by  a  muller  mortar 
and  clean  up  pan  into  amalgam,  which  is  retorted  and  the  gold  sent  to  market, 
pyrites  to  chlorination  works  and  mercury  to  be  used  over.  The  pulp  from  the 
mercury  traps  flows  to  four  4-foot  Frue  vanners,  which  yield  heads  to  chlorina- 
tion works,  and  tailings  to  waste.  Two  6-foot  Woodbury  vanners,  each  with  7 
belts,  have  since  been  installed. 

Power  is  derived  from  Pelton  water  wheels.  One  hundred'  tons  of  ore  yield 
2J  tons  of  concentrates  and  97J  tons  of  tailings.  The  concentrates  contain  about 
5  ounces  gold  per  ton  and  the  tailings  0.075  to  0.10  ounce  per  ton.  The  loss  of 
mercury  is  0.66  ounce  per  ton  of  ore. 

§  733.  Mill  No.  61.  Taylor  Mine  op  the  Idlewild  Gold  Mining  Com- 
pany, Greenwood,  Calipornia. — Capacity  115  to  128  tons  per  24  hours.  The 
mill  runs  24  hours  per  day»  7  days  per  week.  The  ore  consists  of  the  economic 
minerals  native  gold  and  auriferous  pyrites,  and  a  gangue  of  quartz  in  thin 
stringers  with  black  slate.  The  vein  lies  between  greenstone  and  slate.  The 
problem  is  to  save  the  gold.  The  ore  is  brought  from  the  mine  in  skips  holding 
•jJjOOO  pounds  and  dumped  upon  (1). 

1.  A  grizzly  with  ^-inch  spaces  on  the  first  half  and  IJ-inch  spaces  on  the  last 
half.   Oversize  to  (2) ;  undersize  to  (3). 

2.  One  No.  1  breaker,  a  Gates  No.  3,  crushing  to  1  inch.  To  (3). 

3.  Prom  (1)  and  (2).  A  rubber  belt  conveyor  mounted  on  a  frame  which 
can  be  moved  so  as  to  deliver  the  ore  to  any  part  of  (4). 

4.  A  bin  with  flat  bottom,  holding  500  tons.  By  gates  and  chutes  and  eight 
Hendy  feeders  to  (6). 

5.  Forty  gravity  stamps  arranged  in  eight  batteries,  using  screens  with 
0.81-nun.  round  holes  and  having  mercury  fed  to  the  mortar.  Pulp  to  (6) ; 
at  monthly  clean  up,  battery  residue  to  (8). 

6.  Eight  sets  of  amalgamated  plates,  each  arranged  in  the  following  sequence: 
Plate  on  splash  board,  apron  plate,  sluice  plate.  Pulp  to  (7) ;  at  daily  clean  up, 
amalgam  to  retort  yielding  gold,  which  is  melted  and  sent  to  market,  and  mercury 
to  be  used  again.  The  slag  from  the  melting  is  run  through  the  stamp  mill  for 
any  gold  it  contains. 

7.  Four  7-belt  Woodbury  vanners  and  four  13-belt  Woodbury  vanners.  Heads 
are  stored  for  further  treatment ;  tailings  to  waste. 

8.  From  (6).  TTie  battery  residue  is  ground  in  a  clean  up  barrel  for  12  hours 
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and  then  runs  over  a  gently  sloping  inclined  plane,  30  inches  wide,  and  over  a 
riffled  sluice  box  10  feet  long  into  a  tank.  Mogt  of  the  amalgam  is  caught  on  th*» 
upper  plane  and  the  riffles  catch  nearly  all  the  remainder.  The  stuff  which 
settles  in  the  tank  is  run  over  one  of  the  sluice  plates  (6)  to  catch  the  last  of 
the  value.   The  amalgam  is  setorted. 

The  labor  required  is  6  men  per  24  hours,  divided  into  two  shifts :  One  foreman 
and  day  amalgamator,  1  breaker  man,  1  night  amalgamator,  2  vanner  men,  1 
roustabout.  Wages  vary  from  $2.00  or  $2.50  per  day  for  laborers  to  $3.00  or 
$3.50  for  mechanics.   Board  costs  $0.75  per  day. 

Power  is  derived  from  water  wheels.  One  Dodd  disc  wheel  36  inches  diame- 
ter, with  f-inch  round  nozzle,  making  750  revolutions  per  minute,  rated  at  30 
hoise  power,  and  using  19  miner's  inches  of  water  under  a  head  of  390  feet,  drivea 
the  Gates  breaker.  One  Pelton  wheel,  45  inches  diameter,  with  1.76-inch  round 
nozzle,  making  370  revolutions  per  minute,  rated  at  60  horse  power  and  using 
70  miners  inches  under  the  same  head,  drives  the  rest  of  the  mill. 

The  water  required  for  power  is  89  miner's  inches,  or  about  1,000  gallons  per 
minute;  for  the  stamps  144  gallons;  and  for  the  vanners  166  gallons;  total, about 
1,310  gallons. 

The  ore  assays  0.20  to  0.27  ounce  gold  per  ton  and  contains  85%  quartz,  13% 
slate  and  IJ  to  2%  iron  pyrite;  the  concentrates  assay  0.80  to  0.90  ounce  gold 
per  ton ;  the  tailings  0.02  to  0.04  ounce ;  average  0.027  ounce.  One  hundred  tons 
of  ore  yield  1 J  tons  of  concentrates  and  98 J  tons  of  tailings.  The  mill  saves  about 
85%  of  the  gold  by  amalgamation  and  5%  by  concentration  and  loses  about 
10%  in  the  tailings.  Fifty  per  cent  of  the  bullion  comes  from  the  amalgamated 
plates.  The  gold  is  808  fine.  The  loss  of  mercury  is  0.08  ounce  per  ton  of  ore. 
The  mill  makes  50  to  60  tons  of  concentrates  per  month. 

§  734.  Mill  62.  Grand  Victohy  Mining  Company,  Placervillb,  Cali- 
FOKNiA. — Capacity  100  to  150  tons  per  24  hours.  The  mill  runs  24  hours  per 
day,  7  days  per  week.  The  ore  consists  of  the  economic  minerals  native  gold  and 
nurifcrou<  pyrites  and  a  gangue  of  quartz  stringers  in  a  hard  black  trap-like 
rock.  The  problem  is  to  save  the  gold.  The  ore  is  hauled  out  through  the  mine 
tunnel  in  oars  holding  2,000  pounds  each  and  dumped  upon  (1). 

1.  Four  grizzlies  arranged  in  two  pairs,  each  pair  placed  like  a  gable  roof, 
with  23-inch  &paees  on  three  of  them  and  l^-inch  on  the  fourth.  Oversize  to  (2) ; 
undersize  to  (3). 

2.  Three  No.  1  Blake  breakers,  8  X  12  inches,  crushing  to  1\  inches.     To  (3). 

3.  From  (1)  and  (2).  A  bin  with  bottom  sloping  45**  and  having  a  capacity  of 
870  tons.  By  ten  chutes  and  ten  Hendy  feedcxs  to  (4). 

4.  Fifty  gravity  stamps,  arranged  in  ten  batteries,  using  screens  with  0.62 
and  0.75-mm.  round  holes  and  having  mercury  fed  to  the  mortar.  Pulp  to  (5) ; 
at  monthly  clean  up,  battery  residue  to  (7). 

6.  Ten  sets  of  amalgamated  plates  and  mercury  traps,  each  arranged  in  the 
following  sequence:  Plate  on  splash  board,  plate  on  mortar  lip,  plate  on  dis- 
tributor, No.  1  mercury  trap,  plate  on  back  deflector,  apron  plate.  No.  2  mercury 
trap.  Pulp  to  (6) ;  at  fortnightly  clean  up,  amalgam  to  retort  yielding  gold  and 
mercury. 

6.  Ten  4-foot  Frue  vanners  and  four  5-foot  Triumph  vanners,  all  with  No. 
3  mercury  traps  on  their  distributors.  Heads  to  chlorination  works;  tailings  to 
waste;  amalgam  from  traps  is  retorted. 

7.  From  (4).  The  battery  residue  is  ground  in  a  clean  up  barrel  and  the 
amalgam  separated  out  by  a  revolving  pan  and  retorted ;  the  residue  is  probably 
returned  to  (4). 

The  labor  required  is  five  men  per  24  hours.  Wages  vary  from  $2.50  to  $3.00 
per  day.  Board  costs  $4.60  per  week  and  wood  $3.00  per  cord. 
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Power  is  derived  from  "Hurdy-Gurdy"  water  wheels  which  are  of  the  Pelton 
type.  One  wheel,  3  feet  diameter,  with  l|-inch  nozzle,  making  150  revolutions 
j)er  minute,  running  under  a  head  of  105  feet,  drives  the  vanners.  One  wheel,  8 
feet  diameter,  with  3i-inch  nozzle  (should  be  3i-inch),  making  100  revolutions 
per  minute  and  running  under  the  same  head,  drives  the  breakers,  the  stamps 
and  the  dynamos  for  lighting  the  mill  and  the  mine. 

Water  is  supplied  by  a  ditch.  The  amount  used  for  power  is  480  miner^s 
inches  (about  5,385  gallons  per  minute)  and  5J0  inches  for  the  stamps  ana  van- 
ners (about  224  gallons  per  minute).  The  stamps  use  about  100  gallons  per 
minute. 

The  ore  contains  0.10  to  0.40  ounce  gold  per  ton  and  the  tailings  contain  from 
0.02  to  0.045  ounce  per  ton,  average  about  0.03  ounce.  One  hundred  tons  of  ore 
yield  1  or  2  tons  of  concentrates  (average  1^  tons)  and  98  or  99  tons  of  tailings. 
Of  the  gold  caught  by  amalgamation,  17%  comes  from  the  mortar  and  83% 
from  the  outside  plates.     The  mill  saves  80  to  90%  of  the  gold  in  the  ore. 

§  735.  Mill  No.  63.  Bay  State  Mining  Company,  Cosumnes  River,  Cali- 
fornia.— Capacity  20  tons  per  day.  The  mill  runs  24  hours  per  day,  7  days  per 
week.  The  ore  consists  of  the  economic  minerals  native  gold  and  auriferous 
pyrites,  and  a  gangue  of  quartz  stringers  in  slate.  The  problem  is  to  save  the 
gold.  The  ore  is  hoisted  by  a  skip  to  the  grizzly.  The  oversize  passes  through  a 
Blake  breaker,  9  X  12  inches,  crushing  to  1^  inches,  and  joins  the  undersize  into 
the  bin.  Two  Hendy  feeders  feed  the  ore  from  the  bin  to  ten  gravity  stamps 
arranged  in  two  batteries,  using  25-mesh  wire  screens,  and  having  mercury  fed 
to  the  mortar.  The  mortar  is  cleaned  out  monthly^  yielding  coarse  ore  to  be 
returned,  scrap  iron  to  waste  and  amalgam  to  retort.  The  pulp  issuing  from  the 
screens  passes  over  two  sets  of  amalgamated  plates  and  mercury  traps,  each  con- 
sisting of  a  plate  on  the  mortar  lip,  No.  1  mercury  trap  and  an  apron  plate. 
The  amalgam  is  removed  periodically  and  retorted;  the  pulp  goes  to  four  4-foot 
Frue  vanners  yielding  heads  to  chlorination  works  and  tailings  to  waste. 

Power  is  furnished"  by  a  Pelton  wheel. 

The  ore  contains  about  0.25  ounce  gold  per  ton;  the  concentrates  contain  5 
ounces  gold  and  9  ounces  silver  per  ton ;  the  tailings  contain  about  0.03  ounce 
gold  per  ton.  One  hundred  tons  of  ore  yield  about  1^  tons  of  concentrates  and 
98|  tons  of  tailings.  The  mill  saves  about  60%  of  the  gold  by  amalgamation  and 
30%)  in  the  concentrates,  and  loses  about  10%  in  the  tailings.  Ten  thousand 
pounds  of  concentrates  are  produced  per  month. 

§  736.  Mill  64.  Wildman  Gold  Mining  Company,  Sutter  Creek,  Cali- 
fornia.— Capacity  93  tons  per  day.  The  mill  runs  24  hours  per  day,  7  days  per 
week.  The  ore  consivsts  of  the  economic  minerals  native  gold  and  auriferous 
pjnite,  and  a  gangue  of  solid  quartz,  or  quartz  stringers  in  slate.  The  problem 
is  to  save  the  gold.  The  ore  is  hoisted  from  the  mine  in  a  bucket  and  dumped 
upon  (1). 

1.  A  grizzly  with  If -inch  spaces.     Oversize  to  (2)  ;  undersize  to  (3). 

2.  One  No.  1  Blake  breaker,  9  X  12  inches,  crushing  to  1  inch.     To  (3). 

3.  From  (1)  and  (2).  No.  1  bin  holding  100  tons.  By  3  chutes  to  car  holding 
1^  tons,  which  is  wheeled  io  hydraulic  platform  elevator  and  lifted  and  dumped 
to  (4). 

4.  No.  2  or  mill  bins,  holding  450  tons,  with  bottom  sloping  45"*.  By  six  rack 
and  pinion  gates  and  chutes  and  six  Hendy  feeders  to  (5). 

5.  Thirty  gravity  stamps,  arranged  in  six  batteries  using  screens  with  0.69  X 
9.5-mm.  slots  and  having  mercury  fed  into  the  mortar.  Pulp  to  (6) ;  every  month 
the  mortar  is  cleaned  out  and  the  contents  worked  up  for  the  amalgam  whiA 
is  retorted. 

6.  Six  sets  of  amalgamated  plates  and  mercury  traps,  each  arranged  in  the 
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following  sequence:  Plate  on  mortar  lip,  apron  plate,  No.  1  mercury  trap.  N«.'. 
1  siluice  plates,  No.  2  mercury  trap,  No.  2  sluice  plates.  No.  3  sluice  plate,  No.  J 
nurcury  trap.   Pulp  to  (7) ;  amalgam  removed  every  24  hours  and  retorted. 

7.  Eight  4-foot  Frue  vanners  and  four  4-foot  Triumph  vanners.  Heads  to 
chlorination  plant;  tailings  to  waste. 

The  labor  required  is  4^  men  per  24  hours.  Wages  vary  from  $2.50  per  d  iv  to 
$100  per  month. 

Power  is  furnished  by  a  Dodd  water  wheel,  72  inches  diameter,  with  a  l^j- 
inch  nozzle,  rated  at  50  horse  power,  making  250  revolutions  per  minute  and 
using  46  miner's  inches  of  water  under  a  head  of  480  feet. 

Water  is  supplied  by  a  ditch  and  the  amounts  are  470  gallons  per  minute  for 
power  and  105  gallons  for  the  stamps  and  vanners. 

The  ore  contains  0.15  to  0.25  ounce  gold  per  ton;  the  concentrates  3.5  to  4.0 
ounces;  the  tailings  a  trace  to  0.01  ounce,  average  0.006  ounce.  One  hundred 
tons  of  ore  yield  1^  tons  of  concentrates  and  98J  tons  of  tailings.  The  mill  saves 
about  70%  of  the  gold  by  amalgamation  and  25%  by  concentration  and  lose^ 
about  3  or  4%  in  the  tailings. 

Since  the  author's  visit,  this  mill  has  been  enlarged  to  40  stamps  with  a 
capacity  of  145  tons  per  24  hours.  There  are  now  14  Frue  vanners  and  2  Triumph 
vanners,  and  100  tons  of  ore  yield  1.7  tons  of  concentrates. 

§  737.  Mill  No.  65.  Madison  Mill  of  the  Utica  Company,  Angels  Camp, 
Calaveras  County,  California. — Capacity  136  tons  per  24  hours.  The  mill 
runs  24  hours  per  day,  7  days  per  week.  The  ore  consists  of  the  economic  miIleral^ 
native  gold  and  auriferous  pyrite,  and  a  gangue  of  soft  slate  containing  stringer> 
of  quartz.  The  problem  is  to  save  the  gold.  The  ore  is  hoisted  by  a  skip  and 
dumped  upon  (1). 

1.  A  grizzly  with  2-inch  spaces.  Oversize  to  (2) ;  undersize  to  (3). 

2.  One  No.  1  Blake  breaker,  10  X  16  inches,  crushing  to  2  inches.     To  (3). 

3.  From  (1)  and  (2).  No.  1  bin  24  feet  long,  10  feet  wide  and  15  feet  deep 
in  front,  with  bottom  sloping  45°.  By  six  rack  and  pinion  gates  and  chutes  to 
car  which  delivers  ore  to  various  parts  of  (4). 

4.  No.  2  or  mill  bin  12  feet  wide,  60  feet  long  and  10  feet  deep.  By  eight 
rack  and  pinion  gates  and  chutes  and  eight  Hendy  feeders  to  (5). 

5.  Forty  gravity  stamps  arranged  in  eight  batteries,  using  screens  with 
0.76-mm.  round  holes  and  having  mercury  fed  to  the  mortar.  Pulp  to  (6)  ;  at 
the  fortnightly  clean  up,  amalgam  to  (9),  and  the  residue  to  (8). 

6.  Eight  sets  of  amalgamated  plates  and  mercury  traps  arranged  in  the  fol- 
lowing sequence:  apron  plate,  distributor,  back  deflecting  plates,  two  parallel 
sluice  plates, 'No.  1  mercury  trap.  Pulp  to  (7) ;  at  clean  up,  amalgam  to  (9), 
and  heavy  sand  to  (8). 

7.  Twelve  four-foot  Frue  vanners  and  four  Union  vanners.  Heads  to  chlori- 
nation works ;  tailings  to  waste. 

8.  From  (5),  (6)  and  (9).  A  clean  up  barrel  followed  by  a  catch  hopper, 
amalgamated  plates  and  settling  tanks  like  Mill  73.  Amalgam  and  coarse  stuff  to 
(9)  ;  coarse  pulp  run  over  plates  to  settling  tank  to  be  returned  to  barrel;  fine 
pulp  run  over  plates  to  settling  tank  to  go  to  chlorination  works. 

9.  From  (5),  (6)  and  (8).  Clean  up  room  like.that  of  Mill  73.  Amalgam  is 
retorted  and  the  gold  melted  and  shipped,  and  the  mercury  used  over  again  in  the 
mill ;  scrap  iron  to  waste;  coarse  ore  returned  to  (5) ;  coarse  pulp  to  (8). 

Power  is  furnished  by  a  Leffel  double  turbine  water  wheel  taking  water  which 
has  been  used  in  Mills  73  and  74,  which  are  f  mile  up  the  river,  one  being  100 
feet  above  Mill  65  and  the  other  38  feet. 

The  adjustments  in  this  mill  have  been  changed  since  it  was  visited  by  the 
author  so  that  its  capacity  is  now  about  200  tons  per  24  hours. 
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§738.  Mill  No.  66.  Homestake  Mining  Company,  Lead  City,  South 
Dakota. — Capacity  400  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  7 
days  per  week.  The  ore  consists  of  the  economic  minerals  native  gold  and  aurif- 
erous pyrite  and  arsenopyrite,  and  a  gangue  of  quartz  finely  distributed  in  large 
bodies  of  mica  schist.  The  problem  is  to  save  the  goldi  The  ore  from  the  mine 
is  dumped  into  (1). 

Rock  House. 

1.  No.  1  bin.    By  gates  and  chutes  to  (2). 

2.  Three  No.  1  breakers,  Gates  No.  6,  only  two  used  at  a  time,  crushing  to 
1^  inches.     To  (3). 

3.  No.  2  bins.    By  cars  to  (4). 

Stamp  Mill. 

4.  No.  3  or  mill  bin  44J  feet  wide,  14^  feet  deep  with  inverted  V-shaped 
bottom.  By  twenty  gates  and  chutes  (ten  on  each  side)  and  twenty  Hendy  feed- 
ers to  (5). 

5.  One  hundred  gravity  stamps  arranged  in  two  rows  with  ten  batteries  in  each 
row,  using  screens  with  0.61-mm.  holes  and  having  mercury  fed  to  the  mortar. 
Pulp  to  (6) ;  at  fortnightly  clean  up,  amalgam  to  (9),  coarse  lumps  returned  to 
mortar,  heavy  sand  and  amalgam  to  (8) ;  wooden  chips  are  removed  from  the 
mortar  periodically,  burned  and  the  ashes  go  to  (9). 

6.  Twenty  sets  of  amalgamated  plates  and  mercury  traps,  ten  sets  on  each  side 
of  the  mill,  each  set  arranged  as  follows :  apron  plate,  copper  lined  trough.  No.  1 
mercury  trap  lined  with  copper,  sluice  plate.  No.  2  mercury  trap.  Pulp  to  (7) ; 
amalgam  removed  daily  from  plates  is  cleaned  in  a  Wedge  wood  mortar,  squeezed 
and  retorted,  the  heavy  sand  being  sent  back  to  the  stamps  and  the  mercury  used 
over  in  the  mill ;  traps  cleaned  out  monthly  to  (9). 

7.  Six  OUpin  County  concentrators.  Heads  to  chlorination  works;  tailings  to 
waste.    Jigs  have  been  tried  in  place  of  the  concentrators. 

8.  From  (5).  A  rocker.  Coarse  lumps  are  washed  in  a  coarse  screen  and  yield 
washings  to  (9)  and  residue  back  to  (5)  ;  amalgam  and  heavy  sand  to  (9)  ; 
light  sand  to  (5) ;  old  iron  has  amalgam  scraped  off  to  (9)  and  then  is  thrown  to 
6crap  heap  to  rust  and  the  rust  is  cleaned  up  yearly  to  .(9). 

9.  From  (5),  (6)  and  (8).  A  clean  up  pan,  run  at  time  of  clean  up,  having 
600  to  700  pounds  of  quicksilver  added  to  the  charge.  Time  of  working  is  three 
hours.     Fine  stuff  to  waste ;  coarse  sand  and  liquid  amalgam  to  (10). 

10.  Settling  box.  Liquid  amalgam  is  strained,  squeezed  and  retorted,  yielding 
gold  to  be  melted  and  mercury  to  be  used  over  again;  heavy  sand  returned  to 
(5) ;  fine  overflow  to  waste. 

This  company  divides  its  labor  so  that  19-^  men  per  24  hours  are  charged 
against  the  mill.  These  are  divided  into  two  shifts :  4  foreman,  1  millwright,  i 
pipe  fitter,  2  engineers,  2  firemen,  ^  night  foreman,  1  head  amalgamator,  4 
amalgamators,  2  breaker  men,  2  oilers,  2  feeders  and  2  laborers.  Wages  vary 
from  $2  to  $8  per  man  per  day.     Wood  costs  $6  per  cord. 

Power  is  supplied  by  a  steam  engine  with  cylinder  20  X  42  inches,  having  a 
Meyer  cut  off  valve  and  rated  at  155  horse  power;  and  two  horizontal  fire  tube 
boilers,  54  inches  diameter,  16  feet  long,  with  46  tubes  3^  inches  diameter,  run- 
ning under  a  steam  pressure  of  90  pounds  per  square  inch  and  burning  11  cords 
of  wood  per  24  hours. 

Water  is  supplied  by  a  ditch  company  and  costs  from  $0.50  to  $0.57  per  stamp 
per  24  hours.  In  the  winter  it  has  to  be  supplemented  by  water  pumped  from  the 
mine.  The  amount  required  is  IJ  miner's  inches  for  five  stampe  (about  16.7 
gallons  per  miBute)  or  about  84  gallons  per  minute  for  100  stamps. 
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The  ore  assays  from  0.25  to  0.50  ounce  gold  per  ton,  the  concentrates  about  1.25 
ounces  per  ton  and  the  tailings  0.075  ounce  per  ton.  One  hundred  tons  of  ore 
yield  not  over  3  tons  of  concentrates  and  about  97  tons  of  tailings.  They  save 
about  65%  of  the  gold  by  amalgaraation  and  about  10%  by  concentration,  and 
they  lose  about  25%  in  the  tailings.  It  is  claimed  that  85%  of  the  free  gold  is 
saved.  The  average  yield  of  the  ore  by  amalgamation  for  one  year  was  0.1S5 
ounce  ($3.70)  gold  per  ton.     The  loss  of  mercury  is  0.07  ounce  per  ton  of  ore. 

Tliis  mill  has  now  been  increased  to  200  stamps.  After  each  mortar  there  are 
ftmr  apron  plates  in  series,  each  12  feet  long,  54  inches  wide  and  \  inch  thick. 
The  first  is  plain  copper  while  the  other  three  are  silver  plated  with  two  ount^js 
of  silver  per  square  foot.  This  new  scheme  effected  in  1902  an  additional  saving 
of  approximately  $250,000  over  that  which  would  have  been  obtained  from  th? 
old  arrangement.  The  tailings  slime  from  the  plates  is  at  present  thrown  away 
while  the  tailings  sand  is  cyanided  and  lime  is  used  to  assist  the  settling  previous 
to  C3naniding.  Addition  of  this  lime  to  the  mjortar,  as  is  done  in  South  Africa, 
caused  trouble  by  coating  the  plates,  and  so  it  is  not  added  until  after  the  pulp 
has  passed  over  the  plates. 

§  739.  Mill  No.  67.  West  Wavbrly  Gold  Mining  Company,  Limited, 
Wavebly,  Nova  Scotia. — Fig.  424  shows  the  Oldham  mill  which  is  much  like 
this  mill. — Capacity  50  to  65  tons  per  24  hours.  The  mill  runs  24  hours  per 
day,  6  days  per  week.  The  ore  consists  of  the  economic  minerals  native  gold  and 
arsenopyrite  with  small  amounts  of  galena,  pyrite,  chalcop)rite,  and  spnalerite, 
and  a  gangue  of  hard  quartz.  The  veins  are  in  magnesian  slate  and  a  very  hard 
quartzite  called  whin  rock.  The  problem  is  to  save  the  gold.  The  ore  is  hoisted 
from  two  shafts  and  dumped  over  grizzlies  into  cars  holding  1,000  pounds.  Car? 
of  waste  rock  are  trammed  to  the  dump,  the  ore  is  trammed  to  (1),  the  oversize 
and  undersize  being  kept  separate. 

1.  Five  No.  1  bins  in  one  block  with  bottoms  sloping  45**  and  having  a  total 
capacity  of  225  tons.  By  gates  and  chutes  to  car  holding  1,000  pounds  which  is 
trammed  200  feet  to  the  mill,  coarse  material  going  to  (2)  and  fine  to  (3). 

2.  One  Forster  breaker,  12  X  24  inches,  crushing  to  If  inches.  By  jerking 
distributing  chutes  to  (3). 

3.  From  (1)  and  (2).  Three  No.  2  or  mill  bins,  with  bottoms  sloping  43*, 
one  holding  25  ton-s  for  two  batteries  and  two  holding  10  tons  each  for  the  other 
two  batteries.  By  four  gates  and  chutes  and  four  Hammond  corrugated  cylin- 
der feeders  to  (4). 

4.  Twenty  gravity  stamps,  arranged  in  four  batteries,  using  screens  with 
0.64  X  12.7-mm.  slots  and  having  mercury  fed  to  the  mortar.  Pulp  to  (5)  ;  at 
clean  up,  amalgam  and  mortar  residue  to  (8). 

5.  Four  sets  of  amalgamated  plates  and  mercury  traps  arranged  as  follows :  a 
splash  plate,  a  back  deflecting  quadrant  plate,  an  apron  plate.  No.  1  mercury  trap. 
No.  2  mercury  trap.  Pulp  to  (6)  or  (7) ;  at  clean  up,  amalgam  and  heavy  s;ands 
to  (8). 

6.  A  Golden  Gate  concentrator.     Heads  to  concentrates  pile ;  tailings  to  (7) . 

7.  From  (5)  or  (6).  No.  3  mercury  trap.  Pulp  to  waste;  every  six  months 
amalgam  and  heavy  sand  cleaned  out  to  (8). 

8.  From  (4),  (5)  and  (7).  Clean  up  room  containing  iron  panning  tub?, 
sink,  muller  mortar,  gold  hand  pans,  sieves  and  squeezing  cloths.  The  material 
is  worked  up  and  yields  coarse  sand  returned  to  (4) ;  scrap  iron  to  waste,  con- 
centrates to  pile,  hard  amalgam  to  be  retorted  and  melted,  and  mercury  to  be  used 
over  in  the  mill. 

The  labor  required  is  7  men  per  24  hours  divided  into  two  shifts :  1  foreman,  2 
engineers,  1  breaker  man,  2  amalgamators,  1  helper.  Wages  vary  from  $1.20  \o 
$2.50  per  man  per  day.     Board  costs  $3.50  to  $4  per  week,  coal  $3.42  per  ton. 
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Power  is  supplied  by  a  tandem  compound  engine  with  cylinders  8  X  12  incho- 
and  12  X  12  inches,  having  a  Meyer  adjustable  cut  off  valve  on  the  high  pressure 
cylinder  cutting  off  at  ^  stroke  when  full  mill  is  running,  and  a  simple  valve  on 
the  low  pressure  cylinder  cutting  off  at  J  stroke.  Running  under  a  steam  pressure 
of  100  pounds  per  square  inch  and  with  a  Bulkley  condenser  34^  feet  high  with 
3-inch  column,  it  inilicates  42  horse  power:  2G  for  stamps,  12  for  breaker  and 
jerking  chutes,  and  4  for  friction  of  shafting. 

Water  runs  into  the  mill  from  a  brook.  In  case  of  necessity  it  can  be  re- 
pumped  from  the  pond  into  which  the  tailings  flow,  by  a  Northey  duplex  pump 
with  steam  cylinder  5  X  12  inches  and  water  cylinder  8  X  12  inches  delivering 
130  gallons  per  minute.  The  water  used  for  the  stamps  is  from  50  to  65  gallons 
per  minute.  The  water  for  the  boilers  has  to  be  settled  and  Pearline  is  put  into 
the  boilers  monthly  to  soften  the  scale.  The  total  water  used  in  the  mill  in- 
eluding  the  boilers  an-d  everything  is  150  gallons  per  minute. 

The  ore  assays  0.25  to  1.25  ounces  gold  per  ton;  the  concentrates  0.25  to  0.65 
ounce;  the  tailings  0.011  to  0.040  ounce,  average  0.025  ounce.  One  hundred  tons 
of  ore  yield  2  tons  of  concentrates  and  98  tons  of  tailings;  10%  of  the 
gold  comes  from  the  outside  plates  and  90%  from  the  mortar  and  inside  plate. 
The  mill  saves  about  95%  by  amalgamation  and  about  ^%  by  concentration,  and 
the  balance  is  lost  in  the  tailings.  The  loss  of  mercury  is  from  0.4  to  0.6  ounce 
per  ton  of  ore. 

A  special  feature  of  this  mill  is  that  the  No.  1  bins  (1)  give  an  opportunity  to 
store  separately  the  ore  from  the  different  workings  of  the  mine  while  in  progiess 
as  shafts,  levels,  winzes  or  stopos.  When  a  bin  has  accumulated  sufficient  ore  for 
a  run  one  or  more  batteries  are  set  to  work  upon  it.  At  the  end  of  the  run,  usually 
13  days,  comes  the  clean  up  and  the  yield  in  the  mill  is  credited  to  the  particular 
working  from  which  the  ore  came.  In  this  way  the  mill  becomes  the  assay  officL^ 
of  the  mine  and  the  superintendent  is  able  to  calculate  thereby  the  profit  or  loss  in 
each  part  of  the  mine.  Another  feature  is  the  small  amount  of  gold  in  the  con- 
centrates from  this  ore.  They  are  too  poor  to  pay  for  treatment  and  consequently 
the  concentrator  (6)  is  rarely  used,  but  the  pulp  passes  straight  from  No.  2  mer- 
cury trap  (5)  to  No.  3  trap  (7).  A  Gilpin  County  concentrator  was  also  tried 
with  very  poor  results. 

§  740.  Mill  No.  68.  Montana  Mining  Company,  Limited,  Marysville, 
Montana.  Gold  Mill. — The  ore  of  the  Drumlummon  mine  consists  of  the  eco- 
nomic minerals  native  gold,  tetrahedrite,  pyrite,  chalcopyrite,  blende,  galena, 
arsenical  polybasite  and  argentite,  and  a  gangue  of  quartz,  slate,  granite,  and 
calcite  with  manganese  oxides  in  small  amounts.  The  problem  is  to  save  the  gold 
and  silver.  The  ores  are  classed  in  the  mine  into  two  kinds:  (a)  ores  rich  in 
silver  containing  10  to  15  ounces  silver  and  0.25  to  0.50  ounce  gold  per  ton ;  and 
(b)  ores  low  in  silver  containing  2  to  4  ounces  silver  and  0.20  to  0.40  ounce  gold 
per  ton.     The  rich  silver  ores  go  to  Mill  82  while  the  poor  silver  ores  go  to  Mill 

Mill  68  has  a  capacity  of  105  tons  per  24  hours.  The  mill  runs  24  hours 
per  day,  7  days  per  week.  The  scheme  of  treatment  is  the  same  as  in  the  gravity 
stamp  mills  previously  described.  The  ore  is  brought  by  cars,  holding  one  ton 
each,  to  a  No.  1  or  receiving  bin  with  bottom  sloping  45®  an-d  holding  from  2,000 
to  3,000  tons.  The  No.  1  bin  delivers  by  six  gates  and  chutes  to  six  grizzlies 
with  l|-inch  spaces.  The  oversize  is  broken  in  three  Blake  breakers,  9X15 
inches,  crushing  to  1 J  inches,  and,  with  the  undersize,  goes  to  No.  2  or  stamp  bin 
which  has  a  bottom  sloping  45°  and  holds  300  tons.  The  ore  now  goes  by  twelve 
ohutes  through  twelve  Hendy  feeders  to  sixty  gravity  stamps  arranged  in  twelve 
batteries,  using  screens  with  0.52-mm.  square  holes  and  having  no  mercury  fed  to 
the  mortar.     The  pulp  from  each  battery  of  stamps  passes  over  a  plate  on  the 
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mortar  lip,  over  an  apron  plate,  and  through  a  copper  lined  launder  to  two  4-foot 
Frue  vanners  which  have  amalgamated  plates  on  their  distributore.  This  make:* 
24  vanners  in  the  whole  mill.  The  heads  of  the  vanners  are  shipped-  to  smelter  and 
the  tailings  go  to  waste.  As  no  mercury  is  fed  to  the  mortar  it  is  cleaned  out  only 
when  the  dies  are  worn  out  and  it  yields  coarse  ore  and  sand  returned,  scrap  iron 
to  waste,  and  concentrates  to  smelter.  The  amalgam  is  removed  from  the  lip  and 
apron  plates  every  24  hours,  from  the  plates  on  the  vanners  every  7  days  and  from 
the  copper  lined  launder  once  a  month.  Amalgam  from  the  plates  is  clean  enough 
to  squeeze  and  retort  direct  while  that  from  the  launder  is  ground  in  a  clean  up 
pan  and  yields  amalgam  to  retort  and  sand  which,  if  rich,  is  shipped  as  con- 
centrates or,  if  poor,  is  sent  back  to  the  stamps.  The  slag  from  melting  bullion  is 
crushed  so  that  any  shots  of  precious  metal  may  be  picked  out  and  the  residue  is 
allowed  to  accumulate  up  to  about  1,000  pounds  when  it  is  shipped  to  the 
smelter. 

The  labor  required  is  15  men  per  24  hours:  1  foreman,  2  engineers,  2  firemen. 
3  breaker  men,  3  battery  men,  2  vanner  men  and  2  plate  men.  The  breaker  men 
and  battery  men  work  8-hour  shifts  while  all  the  rest  work  12  hours.  Wages  vary 
from  $3  per  day  for  laborers  to  $4  or  $4.50  per  day  for  mechanics.  Board  cofcts 
$1  per  day.     Wood  is  $3.80  per  cord. 

Power  is  furnished  by  a  Corliss  engine  indicating  130  horse  power.  The 
boilers  burn  4J  cords  of  wood  per  day. 

The  water  required  is  148  gallons  per  minute  divided  as  follows :  4  gallons  for 
the  boilers,  120  gallons  for  the  stamps  and  24  gallons  for  the  vanners. 

The  ore  assays  2  to  4  ounces  silver  and  0.20  to  0.40  ounce  gold  per  ton ;  the 
concentrates  contain  120  ounces  silver  and  3.5  ounces  gold  per  ton ;  the  tailings 
contain  0.4  to  1,1  ounces  silver  and  0.05  ounce  gold  per  ton;  for  some  assays  of 
special  samples,  see  Table  318 ;  another  special  set  of  assays  showed  pulp  from  the 
mortar  to  have  1.4  ounces  silver  and  0.4  ounce  gold  per  ton,  pulp  fed  to  vanners 
to  have  1.0  ounce  silver  and  0.2  ounce  gold,  and  the  vanner  tailings  to  have  1 
ounce  silver  and  0.04  ounce  gold.  One  hundred  tons  of  ore  yield  }  to  1  ton  of 
concentrates  and  about  99  tons  of  tailings.  The  mill  saves  about  40%  of  the 
silver  and  70%  of  the  gold  by  amalgamation,  40%  of  the  silver  and  15%  of  thv 
gold  by  concentration  and  loses  20%  of  the  silver  and  15%  of  the  gold  in  the  tail- 
ings. The  mill  ships  from  1,300  to  1,400  ounces  of  bullion  per  month.  The  loss 
of  mercury  is  0.1  ounce  per  ton  of  ore. 

Since  the  author's  visit  a  cyanide  plant  with  a  capacity  of  400  or  500  tons  per 
day  has  been  installed  to  treat  the  tailings  from  Mills  68  and  82.***  The  tailings 
are  impounded  by  five  dams  in  the  gulch  and  are  transported  to  the  plant  partly 
by  sluicing  and  partly  by  a  narrow  gauge  railway.  The  tailings  yield  something 
over  $2  per  ton  and  the  cost  of  treatment  is  a  little  over  $1  per  ton. 

§  741.  Mill  No.  69.  American  Developing  and  Mining  Company,  Gib- 
BONSViLLE,  Idaho. — Capacity  97  to  112  tons  per  24  hours.  The  ore  consists  of 
the  economic  minerals  auriferous  pyrites  and  a  little  argentiferous  chalcopjrite 
and  a  gangue  of  slate  and  quartz  with  some  calcite  and  a  little  hematite.  The 
problem  is  to  save  the  gold.  The  ore  goes  to  No.  1  or  receiving  bins  and  thence  to 
a  grizzly  with  1^-inch  spaces.  The  oversize  is  broken  by  a  Blake  breaker,  9  X  15 
inches,  crushing  to  2^  inches,  and  with  the  undersize  goes  to  the  No.  2  or  battery 
bins  which  have  a  capacity  of  200  tons,  or  300  if  filled  by  shovel.  Six  gates  and 
chutes  deliver  the  ore  from  the  No.  2  bins  through  six  Hendy  feeders  to  30 
gravity  stamps  arranged  in  six  batteries.  The  stamps  weigh  950  pounds  and 
drop  6  inches  100  times  per  minute.  The  mortar  is  narrow,  has  single  dis- 
charge and  has  an  inside  amalgamated  plate  on  the  chuck  block.  The  height  of 
discharge  is  about  9  inches.  Fargo  guides,  Blanton  cams  and  shoes  of  chrome 
or  Midvale  steel  are  used.     The  screens  are  of  burned'  tin  plate,  have  0.66-ram. 
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round  holes  and  last  about  two  weeks.  The  pulp  from  the  stamps  passes  over 
six  amalgamated  silver  plated  copper  plates  in  parallel,  each  16  feet  long  and 
sloping  l|  inches  per  foot.  Each  plate  has  a  mercury  trap  at  its  lower  end  and 
then  a  distributor  to  divide  the  pulp  to  the  Frue  vanners  of  which  there  are  fifteen 
in  the  whole  mill.  The  vanners  have  smooth  belts  six  feet  wide  and  use  amal- 
gamated plates  on  their  distributors.  The  heads  of  the  vanners  are  chlorinated 
and  the  tailings  go  to  waste.  The  mortar  and  the  amalgamated  plates  are  cleaned 
periodically  for  the  recovery  of  amalgam  which  is  retortedL 

The  labor  charged  against  the  mill  is  8^ men  per  24  hours:  1  breaker  man,  2 
amalgamators,  2  vanner  men,  1  wheeler,  etc.,  i  oiler,  etc.,  \  machinist,  \  car- 
pen  ter^  \  night  watchman,  \  foreman,  \  assayer.  The  amalgamators  and  vanner 
men  are  divided  into  two  shifts.     Wages  vary  from  $3  to  $5  per  man  per  day. 

Power  for  running  the  mill  and  for  electric  lighting  is  obtained  from  Pelton 
water  wheels,  supplemented  by  steam  during  six  months  of  winter. 

The  ore  assays  0.45  to  0.55  ounce  gold  per  ton;  the  concentrates  assay  1.75 
to  2.75  ounces  gold  per  ton  and  have  0.5  to  1.0%  copper;  the  tailings  assay  0.01 
ounce  per  ton  (average  of  3  months  was  $0.23  per  ton).  One  hundred  tons  of 
ore  yield  8  or  9  tons  of  concentrates  and  91  or  92  tons  of  tailings.  The  mill 
saves  53%  by  amalgamation  and  45%  by  concentration  and  loses  2%  in  the 
tailings.     The  bullion  is  840  to  860  fine  in  gold  and  125  to  140  fine  in  silver. 

Notice  that  this  mill  has  fifteen  vanners  for  thirty  stamps  whereas  the  usual 
practice  in  the  California  mills  previously  described  would  call  for  only  twelve. 
The  reason  for  this  is  the  high  amount  of  concentrates  (7  to  10%)  in  this  ore  as 
compared  with  the  low  amount  (2  or  3%)  found  in  California  ores. 

A  canvas  plant,  similar  to  Mill  78,  was  installed  to  treat  the  tailings  of  this 
mill  but  it  was  a  financial  failure,  not  because  it  did  not  save  fine  concentrates, 
but  because  the  fine  concentrates  when  saved  contained  only  0.5  to  0.6  ounce  gold 
per  ton  which  would  not  pay  for  chlorinating.  It  seems  to  be  a  peculiarity  of 
this  ore  that  the  fine  concentrates  are  much  poorer  than  the  coarse,  which  is  just 
contrary  to  the  author's  experience  with  California  gold  ores  which  have  the 
fine  concentrates  as  rich  or  richer  than  the  coarse.  One  theory  regarding  Mill 
69  is  that  the  gold,  although  contained  in  the  pyrites  and  not  visible  to  the  eye, 
is  nevertheless  practically  all  free  milling  and  hence  the  smaller  the  particle 
of  pyrite  the  better  the  mercury  has  been  able  to  act  on  it  and  the  more  it  has  been 
robbed!  of  its  gold. 

§  742.  Mill  No.  70.  Newton  Gold  Mill,  Idaho  Springs,  Colorado. — The 
ore  from  the  Newton  mine  and  custom  ores  which  are  also  treated,  consist  of  the 
economic  minerals  auriferous  pyrites  and  some  native  gold  and  a  gangue  of 
quartz.  The  ores  are  divided  into  two  grades :  (a)  a  grade  which  has  large  grains 
of  pyrite  and  more  gold  and  is  treated  by  Mill  85,  and  (&)  a  grade  with  finer 
grains  of  pyrite  disseminated  in  quartz  and  less  gold,  treated  in  Mill  70. 

Ore  is  brought  in  wagons  and  shoveled  to  a  receiving  bin  and  thence  shoveled 
or  wheeled  to  twenty  gravity  stamps,  arranged  in  four  batteries,  using  screens 
with  round  holes  and  having  mercury  fed  to  the  mortar.  The  pulp  from  the 
stamps  passes  over  four  amalgamated  plates  in  parallel,  four  mercury  traps  and 
four  double  Gilpin  County  concentrators.  The  heads  of  these  concentrators  are 
shipped  to  the  smelter  and  the  tailings  go  to  waste.  The  mortars,  amalgamated 
plates  and  mercury  traps  are  cleaned  up  periodically  obtaining  thereby  amal- 
gam which  is  retorted  and'  sulphurets  which  are  put  with  the  concentrates. 

Power  is  derived  from  Ijeffel  water  wheels. 

(p)  gold  mills  using  gravity  stamps,  amalgamated  plates  and  vanners, 

AND    CANVAS    OR    BLANKET    TABLES. 

§  743.  This  group  includes  Mills  71  to  80  inclusive.     Mill  71  is  followed  by  a 
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canvas  piant  (Mill  78).  Mill  72  is  followed  by  a  canvas  plant  (Mill  79).  Milk 
73  and  74  were  formerly  followed  by  a  canvas  plant  (Mill  80)  and  that  was 
again  followed  by  an  arrastra,(Mill  81).  Mill  80  has  recently  been  changed 
over  to  be  like  Mill  78.  Mill  75  has  recently  installed  a  canvas  plant  like  Mill 
78.  Mill  76  uses  carpet  tables.  Mill  77  has  blanket  tables.  Mill  78  catches  on 
2.400  square  feet  of  canvas  tables  about  $1,500  per  month  in  the  fine  slimes  of 
auriferous  pyrite  which  are  too  fine  to  be  caught  on  the  vanners  of  Mill  71. 

It  should  here  be  said  that  while  canvas  plants  like  Mill  78  do  such  good  work 
on  tailings  of  vanners  of  Mill  71  and  Mill  55,  both  of  these  mills  yield  fine  con- 
centrates of  high  assay  value.  It  would  be  idle  to  put  in  the  canvas  plant  after 
such  mills  as  Mills  61,  67,  69  or  77  where  the  assay  value  of  the  fine  concentrates 
is  not  high. 

§  744.  California  and  Colorado  Systems  op  Stamp  Milling. — Mill  77  and 
also  Mill  88  use  the  Colorado  system  of  stamping  while  the  other  gold  stamp  milb^ 
described  in  this  chapter  use  the  California  system.  The  relative  advantages  of 
these  two  systems  have  proved  a  fruitful  topic  of  discussion.  The  California  sy>- 
tem  is  by  far  the  more  extensively  used  in  almost  all  localities  where  stamp 
milling  is  practiced,  while  the  Colorado  system  is  limited  almost  entirely  to  Gil- 
pin County,  Colorado,  with  an  occasional  application  elsewhere  and  its  use 
seems  to  be  on  the  decrease.  The  average  ores  treated  by  the  California  system 
are  free  milling  ores  containing  less  than  5%  sulphides  (usually  pyrite)  with 
considerable  of  the  gold  (as  coarse  gold)  in  the  quartz.  The  Gilpin  County  ores 
are  free  milling  but  contain  a  high  per  cent,  of  pyrite  (between  10  and  20%). 
The  gold  is  commonly  in  fine  particles  and  more  or  less  included  in  the  pjTite. 

The  characteristics  of  the  two  systems  have  been  somewhat  discussed  in  §  197 
and  §  199.  The  chief  characteristics  of  the  California  system  are  coarser  stamp- 
ing accompanied  by  a  higher  capacity  (two,  three,  or  even  four  tons  per  stamp 
per  24  hours)  which  are  due  to  a  lower  discharge  in  the  mortar,  greater  weight 
of  stamp,  shorter  drop,  and  greater  number  of  drops  per  minute.  There  may  be 
also  a  coarser  screen  and  higher  percentage  of  opening  although  this  is  not 
always  true.  All  these  conditions  keep  the  ore  a  less  time  in  the  mortar  and  there 
is  less  sliming,  the  grains  of  pyrite  are  less  worn  into  rounded  forms  and  the  fol- 
lowing concentration  is  made  under  more  favorable  conditions  and  without  so 
much  loss. 

The  characteristics  of  the  Colorado  system  are  fine  stamping  and  low  capacity 
(about  one  ton  per  stamp  per  24  hours).  These  result  from  the  use  of  a  liigher 
discharge  in  the  mortar,  lighter  stamp,  longer  drop  and  less  number  of  them. 
The  finer  screen  and  smaller  percentage  of  opening  in  it  are  not  necessarily  nsed 
although  commonly  so.  This  treatment  keeps  the  stuff  in  the  mortar  a  much 
longer  time,  which  is  necessary  to  free  the  gold  in  order  that  a  satisfactory 
amount  of  it  may  he  amalgamated.  It  involves,  however,  more  sliming  of  the 
ore  and  sliming  of  the  pyrite  more  than  the  gangue  since  it  is  heavier  and  not 
discharged  so  quickly,  and  consequently  the  following  concentration  is  not  so  easy 
and  the  losses  are  greater.  The  average  extraction  of  gold  is  not  materially 
different  with  the  two  systems.  According  to  Rickard  each  system  extracts 
about  70%  by  amalgamation.  The  horse  power  required  per  ton  is  greater  for 
the  Colorado  owing  to  the  greater  amount  of  work  required  for  finer  stamping. 
For  this  reason  and  also  on  account  of  the  lower  capacity  the  cost  per  ton  is 
higher  for  the  Colorado  than  for  the  California. 

Each  system  has  its  place  and  gives  the  be!?t  results  commercially  on  its  own 
class  of  ore.  Rickard®*  has  given  this  comparison :  The  Colorado  system  on  Gil- 
pin County  ore  worth  $8  per  ton  would  extract  $5.60  a  ton  at  a  cost  of  $0.70. 
while  the  California  system,  failing  to  liberate  the  gold,  would  extract  only  $4 
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per  ton  at  a  cost  of  $0.25.  The  net  result  is  then  $5.60— $0.70  or  $4.90  for  the 
Colorado,  against  $4.00— $0.26  or  $3.76  for  the  California,  or  a  balance  of 
$1.16  per  ton  in  favor  of  the  Colorado  system.  On  the  other  hand  on  California 
ore  worth  $6  per  ton  the  California  system  will  extract  $4.30  at  a  cost  of  $0.35, 
while  the  Colorado  system  would  extract  $4.60  at  a  cost  of  $1.  The  net  result 
in  this  case  is  $3.95— $3.60  or  $0.40  per  ton  in  favor  of  the  California  system. 
It  should  also  be  noted  that  a  Colorado  mill  requires  at  least  twice  as  much  cap- 
ital to  build  as  a  California  mill  of  the  same  capacity.  The  above  figures  deal  only 
with  the  extraction  of  gold  by  amalgamation;  th^  saving  by  later  concentration  is 
not  here  considered.  The  question  of  the  application  of  concentration  followed  by 
amalgamation  on  Gilpin  County  ores  will  be  taken  in  §  763. 

It  should  be  noted  that  the  California  system  was  used  in  Gilpin  County  in  the 
early  days  and  gave  very  satisfactory  results  as  long  as  only  oxidized  surface  ores 
were  encountered.  With  greater  depths,  however,  the  sulphide  ores  appeared 
and  the  extraction  fell  off.  Owing  to  extremely  high  freight  and  smelting 
charges  it  would  not  pay  to  concentrate,  and  finally  the  Colorado  system  of 
stamp  milling  was  evolved  as  the  only  profitable  method  of  working.  Later  on 
when  competition  among  smelters  increased  the  value  of  the  concentrates,  con- 
centrating of  the  tailings  became  common  practice.  This  shows  why  i^e  Colo- 
rado system  came  into  existence  and  it  is  easy  to  understand  that  atfter  having 
once  been  adopted,  conservatism  would  cause  it  to  continue  to  be  used  as  long 
as  it  proved  satisfactory,  even  though  there  might  be  other  processes  that  conld 
effect  a  little  better  saving.  To-day  it  seems  that  it  is  being  so  far  modified  as 
to  increase  the  number  of  drops  of  the  stamps  and  at  the  same  time  shorten  the 
height;  and  on  ores  with  a  high  percentage  of  sulphides  (over  16%),  especially 
when  the  value  of  concentrates  per  ton  is  high,  this  modified  mill  will  save  more 
value  per  ton  than  the  regular  Colorado  mill. 

§  745.  Mill  No.  71.  Kennedy  Mining  and  Milling  Company,  Jackson, 
Amador  County,  California, — Capacity  96  tons  in  24  hours.  The  mill  runs 
24  hours  per  day,  7  days  per  week.  The  ore  consists  of  the  economic  minerals 
native  gold  and  auriferous  pyrites  and  a  gangue  of  quartz  stringers  and  slate. 
The  vein  has  a  black  gouge  on  each  side  about  a  foot  thick.  The  problem  is  to 
save  the  gold.  The  ore  is  brought  in  cars  and  dumped  through  six  holes  into  a 
receiving  bin  60  feet  long,  8^  feet  wide,  and  30  feet  deep  with  a  fiat  bottom. 
The  ore  is  delivered  from  the  bins  by  eight  gates  and  chutes  through  eight  Hendy 
feeders  to  forty  gravity  stamps,  arranged  in  eight  batteries,  using  30-mesh  brass 
wire  screens  and  having  mercury  fed  to  the  mortar.  The  pulp  from  the  stamps 
passes  over  eight  sets  of  amalgamated  plates  and  mercury  traps,  each  set  arranged 
as  follows:  plate  on  splash  Iward,  plate  on  mortar  lip,  apron  plate,  No.  1  mer- 
cury trap,  two  steps  covered  with  rubber,  No.  2  mercury  trap,  two  parallel  No.  1 
sluice  plates,  No.  2  sluice  plate,  No.  3  mercury  trap.  From  No.  3  mercury  traps 
the  pulp  goes  to  twenty-four  4-foot  Frue  vanners  having  No.  4  mercury  traps 
above  their  distributors.  The  heads  from  the  vanners  go  to  chlorination  works 
and  the  tailings  are  sold  to  Mill  78.  The  mortars  and  mercury  traps  are  cleaned 
up  once  a  month  by  means  of  scrapers,  pans,  muller  mortar,  ball  mill  and  amal- 
gamated plates  and  the  amalgam  obtained  is  retorted  while  the  sulphurets  are 
sent  to  chlorination  works.  The  amalgamated  plates- are  scraped  once  an  hour 
with  rubbers  and  the  fine  rich  sulphurets  are  separated  from  the  amalgam, 
roasted  in  a  small  furnace  and  smelted  with  fluxes  in  a  crucible. 

Power  is  furnished  by  Pelton  water  wheels.  One  wheel  4  feet  diameter  under 
230  feet  head  runs  the  stamps ;  one  wheel  4  feet  diameter  under  60  feet  head 
runs  the  vanners  and  also  the  saw  mill  containing  a  cutting  off  saw,  rip  saw, 
and  a  wedge  saw.    A  dial  shows  the  speed  of  the  vanners  directly  so  that  the 
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vanner  man  is  able  to  keep  the  speed  constant  by  letting  on  or  shutting  off  the 
water  on  the  water  wheel. 

Water  is  supplied  by  a  ditch, company.  The  stamps  alone  require  120  gallon:? 
per  minute. 

The  concentrates  contain  from  4  to  5  ounces  of  gold  per  ton  and  the  tailing? 
from  0.050  to  0.075  ounce.  One  hundred  tons  of  ore  yield  about  2.8  tons  of 
concentrates  and  97.2  tons  of  tailings.  The  amount  of  concentrates  varies  from 
60  to  90  tons  per  month. 

Since  the  author*s  visit  the  capacity  of  this  mill  has  been  increased  to  about 
4,000  tons  per  month  or  about  135  tons  per  24  hours.  This  has  been  accom- 
plished by  substituting  a  24-me8h  screen  in  place  of  the  30-meshy  by  increasing 
the  height  of  the  drop  of  the  stamps  from  6^  to  7^  inches  and  the  number  of 
drops  per  stamp  from  82  to  95  per  minute.*'* 

§  746.  Mill  No.  72.  Keystone  Consolidated  Mining  Company,  Amador 
City,  California. — Capacity  120  tons  per  24  hours.  The  mill  runs  24  hour? 
per  day,  7  days  per  week.  The  ore  consists  of  the  economic  minerals  native  gold 
and  auriferous  pyrites  and  a  gangue  varying  from  stringers  of  quartz  in  state 
on  the  foot  wall  to  large  bodies  of  quartz  on  the  hanging  wall.  The  vein  has 
a  good  gouge  on  the  foot  wall.  The  problem  is  to  save  the  gold^  The  ore  hoisted 
from  the  mine  by  a  skip  is  dumped  upon  a  grizzly  with  2-inch  spaces.  The  over- 
size is  broken  by  a  Blake  breaker,  9  X  16  inches,  crushing  to  1|  inches,  and  with 
the  undersize  goes  to  the  ore  house  holding  3,000  tons.  From  this  a  chute  deliv- 
ers to  cars  holding  1,200  pounds  which  carry  the  ore  to  the  mill  bin  which  has  a 
bottom  sloping  45*  and  has  a  capacity  of  300  tons.  The  mill  bin  delivers  by  nine 
chutes  through  nine  Templeton  roller  feeders  to  forty  gravity  stamps,  arranged  in 
eight  batteries,  and  one  Griffin  roller  mill ;  the  Griffin  roller  mill  corresponds  to 
one  battery  of  stamps.  The  ore  is  stamped  or  ground  to  pass  through  screens  with 
0.56  X  6.35-mm.  slots  and  mereury  is  fed  during  the  crushing.  The  crushed 
pulp  passes  over  nine  sets  of  amalganmted  plates  and  mercury  traps,  each  set 
being  arranged  as  follows:  plate  on  mortar  lip,  a  cross  collecting  launder,  a 
2i-inch  pipe  with  a  T  on  its  end.  No.  1  mercury  trap.  No.  2  mercury  trap,  apron 
plate.  No.  3  mercury  trap.  No.  4  mercury  trap.  No.  5  mercury  trap.  From  the 
No.  5  mercury  traps  the  pulp  passes  to  nine  7-belt  Woodbury  vanners  and  one 
13-belt  Woodbury  vanner,  eight  of  the  vanners  being  fed  with  stamp  stuff  and  two 
with  Griffin  mill  stuff.  The  heads  from  the  vanners  are  treated  on  a  rocking 
table  while  the  tailings  pass  in  succession  through  No.  6  mercury  trap,  No.  7  mer- 
cury trap,  and  No.  8  me^rcury  trap  which  are  in  the  main  tail  launder  of  the 
mill,  and  then  go  to  Mill  79. 

The  rocking  table  is  a  rectangular  table  20  inches  wide,  12  feet  long,  and  5 
inches  deep,  mounted  on  two  transverse  curved  rockers,  24  inches  long,  2^  inches 
wide  at  the  ends  and  6  inches  wide  at  the  middle.  The  table  has  a  slope  down- 
ward of  1**  10'  or  about  \  inch  per  foot  The  rocking  is  imparted  by  a  side  arm 
and  a  vertical  connecting  rod  leading  up  to  an  eccentric.  The  sides  rise  and  fall 
1^  inches.  The  material  is  fed  to  the  table  through  a  screen  at  the  upper  end 
with  water  and  is  shoveled  over  and  over  toward  the  upper  end.  The  table 
yields  clean  heads  to  the  chlorination  works  and  tailings  which  join  the  vanner 
tailings  going  to  No.  6  mercury  trap. 

The  amalgam  is  removed  from  the  amalgamated  plates  every  24  hours  and 
retorted".  The  mortars.  Griffin  mill,  and  mercury  traps  are  all  cleaned  up 
monthly,  yielding  amalgam  and  sand  which  are  charged  to  a  clean  up  barrel  to 
brighten  rusty  gold  and  complete  its  amalgamation.  The  clean  up  barrel  dijj- 
charges  gradually  to  a  mechanical  batea  the  fine  overflow  of  which  passes  in  suc- 
cession over  two  amalgamated  plates.  No.  9  mercury  trap  and  a  settling  tank. 
The  residue  in  the  batea  is  cleaned  up  with  hand  pans  and  yields  amalgam  to  be 
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retorted,  scrap  iron  to  waste,  coarse  material  back  to  the  stamps,  and  rich  con- 
centrates to  the  chlorination  works..  The  amalgam  caught  on  the  two  amal- 
gamated plates  is  scraped  off  and  retorted.  The  stuff  from  No.  9  mercury  trap 
goes  back  to  the  clean  up  barrel.  The  settlings  in  the  settling  tank  go  to  the 
rocking  table  previously  described  and  the  water  goes  to  the  tailings  launder. 

The  labor  required  is  5  men  per  24  hours,  divided  into  two  shifts.  Wages 
vary  from  $2.50  per  d«y  for  laborers  to  $3  for  mechanics.  Board  costs  $24  per 
month  and  wood  is  $5.50  per  cord. 

Power  is  derived  from  a  Knight  water  wheel  6  feet  diameter  with  a  }  X  10-inch 
adjustable  slot  for  a  nozzle,  running  at  200  revolutions  per  minute  under  a  head 
of  276  feet,  rated  at  85  horse  power  and  using  144  miner^s  inches  of  water  (about 
1 ,500  gallons  per  minute ) . 

Water  is  supplied  by  a  ditch  company  and  costs  $0.20  per  miner's  inch  per  24 
hours.     One  inch  is  counted  as  equivalent  to  0.6  horse  power. 

The  value  of  the  ore  treated  is  very  irregular ;  the  concentrates  from  the  rock- 
ing table  assay  6  ounces  gold  per  ton  and  amount  to  16  tons  per  month;  the  mill 
tailings  assay  0.044  ounce  gold  per  ton.  One  hundred  tons  of  ore  yield  0.4  ton 
of  concentrates  to  chlorination  works  and  99.6  tons  of  tailings  to  Mill  79. 

This  mill  formerly  had  a  Gold  King  amalgamator  in  place  of  one  set  of  amal- 
gamated plates  and  mercury  traps,  but  it  was  not  a  success. 

Recently  a  Pelton  wheel  was  installed  to  run  the  vanners  independently 
from  the  stamps  and  at  the  same  time  the  speed  of  the  stamps  was  increased  to 
100  drops  per  minute.^'*  Experiment  has  shown  that  by  narrowing  the  mortar, 
lowering  the  height  of  discharge  in  the  mortar,  cutting  down  the  water  used  in 
stamping  and  using  an  apron  plate  16  feet  long,  5  feet  wide,  and  sloping  1} 
inches  per  foot,  the  value  of  the  tailings  is  considerably  decreased  and  it  is 
planned  to  adopt  these  changes  throughout  the  mill.  The  Griffin  mills  are  idle 
and  eight  Woodbury  tables  have  been  substituted  for  the  vanners  on  eight  bat- 
teries (see  §494). 

§  747.  Mill  No.  73.  Utica  Mill  op  the  Utica  Company,  Angels  Camp, 
Calaveras  County,  California. — Capacity  210  tons  per  24  hours.  The  mill 
runs  24  hours  per  day,  7  days  per  week.  The  ore  consists  of  the  economic  min- 
erals native  gold  and  auriferous  pyrites  and  a  gangue  of  quartz  stringers  in 
slate.  The  vein  has  a  good  clay  gouge  on  both  sides.  The  problem  is  to  save  the 
gold.  The  ore  is  hoisted  from  two  shafts  in  skips  three  feet  square  and  5  feet 
10  inches  deep  and  dumped  upon  two  grizzlies  with  If-inch  spaces.  The  over- 
size is  crusheo  in  two  Blake  breakers,  12  X  16  inches,  crushing  to  \\  inches,  and 
with  the  undersize  goes  to  two  No.  1  bins,  each  holding  50  tons.  From  these  the 
ore  is  conveyed  by  cars  to  No.  2  or  mill  bin  holding  about  600  tons  and  divided  by 
partitions  into  three  compartments.  The  ore  then  goes  by  twelve  chutes  through 
twelve  Hendy  feeders  to  60  gravity  stamps  arranged  in  twelve  batteries  using 
screens  with  0.76-mm.  round  holes  and  having  mercury  fed  to  the  mortar.  The 
pulp  from  the  stamps  passes  over  twelve  sets  of  amalgamated  plates  and  mer- 
cury traps  each  arranged  as  follows:  wooden  board  on  mortar  lip,  a  transverse 
trough  11  inches  wide  with  two  spouts,  two  back  deflectors  side  by  side  with 
plates  on  them,  two  parallel  No.  1  sluice  plates,  No.  1  mercury  trap,  No.  2 
mercury  trap,  No.  2  sluice  plate.  The  pulp  from  the  No.  2  sluice  plates  goes  to 
twenty-four  4-foot  Frue  vanners  with  amalgamated  plates  on  their  distributors. 
The  heads  of  the  vanners  go  to  the  chlorination  works  and  tailings  by  a  flume 
J  mile  to  Mill  80. 

Amalgam  is  removed  from  the  No.  1  plates  every  24  hours,  from  the  plates  on 
the  Yanners  every  week  and  from  the  other  plates  every  two  weeks.  The  regular 
clean  up  of  the  mortars,  traps  and  plates  comes  every  two  weeks,  and  the  material 
is  worked  up  by  pans,  clean  up  barrel,  amalgamated  plates,  settling  tanks. 
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strainers  and  retort.     The  details  have  been  given  fully  in  §§  184,  228,  533  an3 
558  and  need  not  be  repeated  here. 

The  labor  required  is  7  men  per  24  hours  besides  the  superintendient  and 
breaker  men,  divided  into  two  shifts :  2  feeders,  1  day  amalgamator,  1  night  amal- 
gamator, 2  vanner  men  and  1  helper. 

Power  is  furnished  by  Pelton  water  wheels  running  under  420  feet  head  which 
gives  a  pressure  of  185  pounds  per  square  inch.  No.  1  wheel,  6  feet  diameter, 
with  2|-inch  nozzle,  runs  the  stamps.  No.  2  wheel,  with  1^-inch  nozzle,  nm> 
the  vanners.  There  are  also  two  more  wheels  for  running  the  Blake  breakers  in 
the  two  shaft  houses. 

Water  is  brought  by  a  22-inch  pipe  which  has  two  18-inch  branches,  one  for 
Mill  73  and  one  for  Mill  74.  The  water  required  in  the  stamp  mortars  is  100 
gallons  per  minute  and  on  the  vanners  27  gallons  per  minute  making  a  total  of 
127  gallons  plus  that  used  for  power. 

The  ore  assays  from  0.2  to  1.25  ounces  gold  per  ton  and  the  tailings  assay 
from  0.02  to  0.075  ounce  gold  per  ton.  One  hundred  tons  of  ore  yield  about  21 
tons  of  concentrates  and  97^  tons  of  tailings.  The  mill  saves  90  to  95%  of  the 
gold.     The  loss  of  mercury  is  0.076  ounce  per  ton  of  ore. 

By  changing  the  adjustments  in  this  mill  the  superintendent  has  been  able  to 
increase  the  capacity  to  300  tons  per  24  hours.  The  Pelton  wheels  have  been  re- 
placed* by  motors  using  electricity  generated  from  water  power  at  a  central  power 
plant."* 

§  748.  Mill  No.  74.  Stickles  Mill  of  the  TJtica  Company,  Angels 
Camp,  Calaveras  County,  California. — This  mill  is  owned  by  the  same 
company  as  ovms  Mill  73  and  works  on  similar  ore  and  the  description  of  Mill  7  '• 
applies  to  this  mill  with  the  following  exceptions:  (1)  There  is  but  one  shaft 
and  hence  but  one  grizzly,  Blake  breaker  and  No.  1  bin.  (2)  There  is  a  curved 
amalgamated  plate  between  the  screen  and  the  mortar  lip.  (3)  There  are  no  No. 
2  sluice  plates  or  No.  2  mercury  traps.  (4)  There  are  16  TuUoch  vanners  and 
8  Fnie  vanners  instead  of  24  Frues. 

§  749.  Mill  No.  75.  Zeilb  Mining  Company,  Jackson,  Amador  County, 
California. — Capacity  150  tons  in  24  hours.  The  mill  runs  24  hours  per  day, 
7  days  per  week.  The  ore  consists  of  the  economic  minerals  native  gold  anti 
auriferous  pyrites  and  a  gangue  of  quartz  interstratified  with  slate  and  taloose 
slate.  The  problem  is  to  save  the  gold.  The  ore  is  hoisted  from  the  mine  in  a 
skip  holding  two  tons  and  dumped  upon  a  grizzly.  The  oversize  is  crushed  in  a 
Blake  breaker,  9  X  15  inches,  and  with  the  unaersize  drops  into  a  chute  from 
whence  it  is  hauled  by  a  little  mule  in  a  2-ton  car  to  the  mill  500  feet  distant. 
The  car,  which  opens  at  the  bottom,  is  emptied  into  the  mill  bin  which  is  16  feet 
wide,  20  feet  deep  in  front,  and  60  feet  long  with  a  45°  bottom  and  holds  500 
tons.  The  ore  now  goes  by  eight  chutes  through  eight  Hendy  feeders  to  forty 
gravity  stamps,  arranged  in  eight  batteries,  using  screens  with  1.13-mm.  square 
holes,  and  having  mercury  fed  to  the  mortar.  The  pulp  from  the  stamps  flow> 
over  eight  sets  of  amalgamated  plates  and  mercury  traps,  each  set  being  arranged 
as  follows:  apron  plate,  sluice  plate.  No.  1  mercury  trap.  From  the  traps  it 
goes  to  sixteen  4-fcx)t  Frue  vanners.  The  heads  of  the  vanners  are  sent  to 
chlorination  works  and  the  tailings  go  to  a  canvas  plant.  The  mortars,  plate?i, 
and  traps  are  cleaned  up  monthly  and  the  amalgam  and  sand  obtained  are  grouii«] 
in  a  clean  up  barrel,  yielding  amalgam  to  be  retorted,  and  residue  to  be  n^ 
turned  to  the  stamps. 

The  labor  required  is  four  men  per  24  hours,  divided  into  two  shifts:  2  b;U- 
tery  men  and  2  vanner  men.  Wages  vary  from  $2  per  day  for  laborers  to  $3  for 
vanner  men.     Board  costs  $22  per  month. 

Power  is  derived  from  a  Pelton  wheel,  6  feet  diameter,  with  two  2J-inch  rubber 
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nozzles,  running  under  a  head  of  150  feet,  making  146  revolutions  per  minute, 
using  187  miner^s  inches  of  water  (1,944  gallons  per  minute)  and  rated-  at  65 
horse  power. 

The  water  used  on  the  stamps  and  vanners  is  12  miner's  inches  (125  gallons 
per  minute).  The  stamps  use  about  80  gallons  per  minute  and  the  vanners  use 
the  balance. 

The  ore  assays  0.2  to  0.25  ounce  gold  per  ton,  the  concentrates  5  ounces  per  ton 
and  the  tailings  0.062  ounce  gold  per  ton.  One  hundred  tons  of  ore  yield  2J 
to  2\  tons  of  concentrates  and  97^  to  97}  tons  of  tailings.  The  mill  saves  about 
2b%  by  amalgamation  and  50%  by  concentration,  and  loses  25%  in  the  tailings. 
Of  the  gold  lost  in  the  tailings  \  is  free  gold  and  \  are  in  the  sulphurets. 

The  tailings  of  this  mill,  amounting  to  about  150  tons  per  24  hours,  with 
the  accompanying  water  are  elevated  by  a  centrifugal  pump  13 J  feet  to  a  canvas 
plant*^*  similar  to  Mill  78,  having  one  hydraulic  classifier  with  two  spigots,  42 
canvas  tables  each  10  X  12  feet,  a  hydraulic  elevator  for  canvas  table  heads,  and 
a  vanner.  Two  tables  treating  the  spigot  products  of  the  classifier,  have  a  slope 
of  3  inches  per  foot,  and  yield  IJ  tons  of  concentrates  per  month.  Thirty-two 
tables  treat  the  overflow  of  the  classifier  and  slope  1\  inches  per  foot.  There 
are  eight  auxiliary  tables  for  use  when  cleaning  the  regular  tables.  The  vanner 
yields  900  pounds  of  concentrates  from  1,000  pounds  of  stuff  fed.  This  mill  has 
recently  discontinued  the  use  of  the  vanner  and  washes  off  more  gangue  on  the 
canvas  tables.  This  gives  more  concentrates  but  of  a  lower  grade.  The  economic 
result,  however,  has  not  been  published. 

§  750.  Mill  No.  76.  Gentle  Annie  Mill,  Placbbvillb,  California. — 
Capacity  15  to  25  tons  per  24  hours.  The  mill  runs  24  hours  per  day,  7  days 
per  week.  The  ore  consists  of  the  economic  minerals  native  gold  and  auriferous 
pyrites  and  a  gangue  of  quartz  stringers  in  slate.  The  problem  is  to  save  the 
gold.  The  ore  is  brought  in  carp  and  dumped  on  a  gnzzly.  The  oversize  is 
broken  by  hand  sledges  and  with  the  undersize  goes  to  the  milj  bin.  This  delivers 
the  ore  by  two  chutes  through  two  Hendy  feeders  to  ten  gravity  stamps  arranged 
in  two  batteries,  using  30-mesh  screens  an<J  having  mercury  fed  to  the  mortar. 
The  pulp  from  the  stamps  passes  over  two  sets  of  amalgamated  plates  and  mer- 
cury traps  each  arrangea  as  follows :  plate  on  splash  board,  plate  on  mortar  lip, 
back  deflectoi:^of  wood,  No.  1  apron  plate,  No.  1  mercury  trap,  No.  2  apron  plate, 
back  deflector  of  wood,  No.  3  apron  plate  The  pulp  next  passes  over  two  carpet 
tables  to  two  6-foot  Frue  vanners.  The  heads  of  the  vanners  go  to  chlorination 
works  and  the  tailings  are  waste.  The  mill  is  cleaned  up  monthly  yielding 
amalgam  to  be  retorted,  and  concentrates  to  chlorination  works.  The  carpet 
tables  are  cleaned  every  six  hours  and  the  concentrates  obtained  arc  treated  in  a 
clean  up  barrel  and  then  go  to  a  catch  hopper  and  over  amalgamated*  plates  to  a 
tank  with  a  burlap  filter  in  the  bottom.  The  amalgam  from  the  barrel  and  plates 
is  retorted  and  the  concentrates  caught  in  the  tank  go  to  chlorination  works. 

Power  is  furnished  by  a  Knight  water  wheel,  4^  feet  diameter,  running  under 
160  feet  head  and  using  50  miner's  inches  of  water  (about  550  gallons  per 
minute). 

Every  ton  of  ore  yields  from  0.15  to  1  ounce  gold,  caught  by  amalgamation,  and 
2  to  2|%  of  concentrates  which  assay  from  2  to  4  ounces  gold  per  ton. 

§  751.  Mill  No.  77.  Hidden  Treasure  Mill,  Blacktiawk,  Gilpin 
CoVnty,  Colorado. — Capacity  85  tons  in  24  hours.  The  mill  runs  24  hours  per 
day,  7  days  per  week.  This  is  a  custom  mill  treating  ores  from  the  California 
mine  and  other  mines.  The  ore  consists  of  economic  gold  and  silver  bearing 
minerals  of  which  pyrite,  chalcopyrite  and  blende  predominate,  and  tetrahedrite. 
arsenopyrite,  and  galena  are  present  in  noteworthy  proportions,  and  a  soft  gangue 
of  quartz  and  feldspathic  material,  much  decomposed,  with  small  amounts  of 
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calcite  and  siderite.  The  problem  is  to  save  the  gold  and  silver.  The  ore  is 
brought  in  bottom  dumping  railroad  cars  holding  9  tons  each,  5  to  10  care  in  a 
train  and  dumped  into  (1)  or  if  the  ore  is  brought  by  4-horse  wagons  it  is  shoveled 
into  (1)  from  the  back. 

1.  Fifteen  bins,  each  9  feet  long,  7  feet  wide,  and  10  feet  deep  and  holding 
40  tons.     By  shovel  to  (2),  the  coarse  lumps  being  broken  by  hand  sledges. 

2.  Seventy-five  gravity  stamps  arranged  in  fifteen  batteric*^,  using  screens  with 
0.43X9.5-mm.  slots  and  having  mercury  fed  to  the  mortar.  Pulp  to  (3)  ;  inside 
plates  cleaned  every  two  days  and  yield  amalgam  to  be  retorted ;  mortar  cleaned 
out  when  dies  wear  out,  but  practically  no  amalgam  accumulates  in  the  mortar 
so  that  stuff  is  all  put  back. 

3.  Fifteen  amalgamated  plates.  Pulp  to  (4) ;  amalgam  removed  every  24 
hours,  cleaned  in  a  hand  mortar  and  retorted. 

4.  Fifteen  No.  1  mercury  traps.  Pulp  to  (5) ;  sand  and  amalgam  cleaned 
out  periodically  and  ground  in  a  Bartola  pan  and  the  amalgam  panned  out  by 
hand  and  retorted. 

5.  Fifteen  blanket  tables  or  strakes.  Heads  rinsed  off  every  two  to  four 
hours  in  a  tank  of  water,  sacked  up  and  shipped  to  smelter;  tailings  to  (6). 

6.  Fifteen  No.  1  Gilpin  County  concentrators,  with  amalgamated  copper 
plates  on  their  surfaces.  Heads  to  smelter;  tailings  to  (7) ;  amalgam  removed 
from  plates  every  two  months  and  retorted. 

7.  Five  No.  2  double  Gilpin  County  concentrators,  having  an  inclined  scre^^n, 
with  0.37-mm.  square  holes,  attached  to  and  bumping  with  each  table.  Oversize 
of  screen  is  waste;  undersize  to  the  table;  heads  of  tables  to  smelter;  tailings 
to  waste. 

The  labor  required  is  11  or  12  men  per  24  hours,  divided  into  two  shifts: 
1  mill  man,  1  assistant,  6  feeders,  2  concentrator  men,  1  or  2  laborers  to  fire 
boilers,  load  concentrates,  etc.  Wages  vary  from  $2.75  to  $5.83  per  day,  the 
feeders  and  concentrator  men  getting  $3  per  day.  Board  costs  $22  per  month, 
wood  $4.50  per  cord  and  coal  $3.25  per  ton. 

Power  is  furnished  by  an  overshot  water  wheel  50  feet  diameter,  5  feet  breast, 
making  two  revolutions  per  minute.  This  is  supplemented  during  the  fall  and 
winter  by  two  steam  engines,  one  for  the  stamps  and  one  for  the  concentrators. 
Steam  is  supplied  from  two  boilers,  16  feet  long.  54  inches  diameter,  with  flues 
3  inches  diameter,  and  running  under  a  steam  pressure  of  60  pounds  per  squan^ 
inch.  Even  when  there  is  practically  no  water,  the  wheel  is  run  to  keep  it  from 
drying  on  one  side  and  getting  out  of  balance.  It  also  acts  as  a  speed  reg- 
ulator. 

The  ore  is  very  variable,  and-  the  following  figures  apply  only  to  that  from 
the  California  mine.  The  average  value  is  about  $10  or  $15  per  ton  in  gold 
and  silver;  the  concentrates  contain  0.5  to  0.6  ounce  gold  per  ton  and  10  to  VZ^c 
silica.  The  tailings  assay  0.03  to  0.10  ounce  gold  and  0.50  to  1.50  ounces  silver 
per  ton.  100  tons  of  ore  yield  10  to  20  tons  of  concentrates  (average  of  a 
year  was  13  tons)  and  80  to  90  tons  of  tailings,  of  which  15  to  20  tons  are 
quartz  and  60  to  70  tons  are  decK)mposed  feldspathic  material.  90%  of  the  con- 
centrates come  from  No.  1  concentrators  (6).  The  loss  of  mercury  is  0.2  ounce 
per  ton  of  ore. 

In  a  special  run  of  8,064  pounds  of  ore,  assaying  1.85  ounces  gold  and  S.T'j 
ounces  silver  per  ton,  they  obtained  24i%  concentrates,  assaying  1.76  ounct^ 
gold  and  10.34  ounces  silver  per  ton,  and  the  balance  in  tailings  assaying  about 
0.15  ounce  gold  and  3.7  ounces  silver  per  ton.  The  mill  saved  71%  of  the  gold 
and  43%  of  the  silver  by  amalgamation,  and  23%  of  the  gold  and  31%  of  the 
silver  by  concentration,  and  lost  6%  of  the  gold  and  26%  of  the  silver  in  the 
tailings. 
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Canvas  tables  have  been  tried  in  this  mill,  but  the  amount  of  labor  required 
and  the  low  grade  of  the  concentrates  made  them  an  economic  failure.  Since 
the  author's  visit  to  this  mill,  rock  breakers  and  automatic  feeders  have  been 
put  in  and  ten  quick  drop  stamps  have  been  added,  with  plates  and  Gilpin 
('ouiity  concentrators,  followed  by  sizing  and  Frue  vanners. 

§  752.  Mill  No.  78.  Gates  Canvas  Plant  of  the  Kennedy  Mining  and 
Milling  Company,  Jackson,  Amador  County,  California. — Capacity  about 
1 00  tons  per  day.  The  mill  nms  24  hours  per  day,*  7  days  per  week.  The  mill 
treats  the  tailings  of  Mill  71,  which  are  brought  by  a  launder  and  fed  to  four 
No.  1  hydraulic  classifiers,  each  with  one  spigot,  which  yield  spigot  products  to 
waste  and  overflow  products  distributed  by  twenty-four  launders  to  twenty-four 
canvas  tables  in  two  rows  of  twelve  each  (see  Fig.  401a).  On  each  side  of 
the  mill  is  a  launder  leading  to  two  spare  canvas  tables,  to  which  the  feed  of  any 
two  tables  in  the  mill  can  be  shunted  while  they  are  being  hosed  off.  The  above 
twenty-six  tables  yield  tailings  which  are  waste  and  heads  which  are  hosed  off 
every  hour  and  go  to  No.  1  whole  current  box  classifier.  The  first  two  feet  of 
this  classifier  yield  a  coarser  product  than  the  remainder.  The  settlings  are 
shoveled  out  and  wheeled  to  the  vanner,  the  coarse  and  fine  being  treated  sep- 
arately, while  the  overflow  of  the  classifier  goes  to  three  canvas  tables  in  series 
two  of  which  are  always  running  and  the  third  is  spare.  When  the  first  is  being 
hosed  the  second  and  third  are  running ;  when  the  second  is  being  hosed  the  first 
and  third  are  running,  and  when  the  third  is  hosed  the  first  and  second  are  run- 
ning. These  three  tables  yield  heads  to  No.  2  whole  current  box  classifier  and 
tailings  to  waste.  The  settlings  are  shoveled  from  No.  2  box  classifier  and 
wheeled  to  the  vanner,  while  the  overflow  is  waste.  There  is  one  vanner  in  the 
mill  which  is  of  the  steep  slope  end  shake  type,  4  feet  wide.  It  treats  the  set- 
tlings from  Nos.  1,  2  and  3  whole  current  box  classifiers  each  by  itself  and  yields 
heads  which  are  settled  in  a  little  catch  box  and  go  to  smelter,  and  tailings,  which, 
together  with  the  overflow  of  the  catch  box,  go  to  three  canvas  tables  arranged 
Just  like  the  three  tables  treating  the  overflow  of  No.  1  whole  current  classifier. 
These  three  tables  yield  tailings  to  waste  and  heads  hosed  off  to  No.  3  whole 
current  classifier.  The  settlings  in  this  classifier  go  also  to  the  vanner  and  the 
overflow  is  waste. 

The  labor  required  is  three  men  per  24  hours,  two  by  day  and  one  by  night. 
The  vanner  is  run  only  in  the  day  time. 

Power  for  running  the  vanner  is  obtained  from  an  overshot  water  wheel, 

9  feet  diameter,  12  inches  wide,  driven  by  the  tailings  of  the  twenty-six  tables. 

Water  comes  with  the  tailings  from  Mill  71,  the  amount  being  12  miner's 

inches  (about  130  gallons  per  minute).    In  addition,  3  inches  are  required  in 

the  hydraulic  classifiers  and  1  inch  in  hosing  off  the  canvas  tables. 

The  amount  and  value  per  ton  of  various  materials  in  this  mill  are  as 
follows :  Feed  to  mill,  100  tons  in  24  hours,  worth  $1  per  ton ;  spigots  of  hydraulic 
classifiers,  70  tons  in  24  hours,  worth  $0.67  per  ton;  overflows  of  hydraulic 
classifiers,  30  tons  in  24  hours,  worth  $2  per  ton ;  final  tailings  of  canvas  tables, 
29^  tons  in  24  hours,  worth  $0.34  per  ton ;  feed  to  vanner,  about  2  tons  in  24 
hours,  worth  $30  per  ton ;  vanner  heads,  1,000  pounds  in  24  hours,  worth  $100  per 
ton. 

The  mill  saves  about  50%  of  the  gold. 

§  763.  Mill  No.  79.  Canvas  Plant  op  the  Keystone  Consolidated  Mtn- 
INO  Company,  Amador  City,  California. — Capacity  about  119  tons  per  24 
hours.  The  mill  runs  24  hours  per  day.  7  days  per  week.  The  material 
treated  is  the  tailings  of  Mill  72  after  they  have  passed  through  Nos.  6,  7  and  8 
mercury  traps.  The  stuflE  is  first  distributed  by  a  rough  form  of  classifier  to 
thirteen  parallel  riffle  boxes,  the  center  boxes  receiving  coarse  material  and 
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the  end  boxes  fine.  The  heads  caught  by  the  rifSes  are  cleaned  out  even'  24 
hours  and  go  to  the  first  compartment  of  No.  1  settling  tank;  the  tailing.^  <>f 
the  coarse  boxes  are  distributed  by  a  rough  form  of  classifier  to  sixteen  canva- 
tables;  the  tailings  of  the  fine  boxes  are  distributed  by  two  more  rough  cla>M- 
fiers  to  forty-six  canvas  tables  arranged  in  two  rows  of  twenty-three  e^c-h,  oiv 
classifier  feeding  each  row.  The  tailings  of  all  the  canvas  tables  run  to  waste; 
the  heads  are  cleaned  off  every  hour  and  go  to  the  second  compartment  of  No.  I 
settling  tank.  This  tank  has  six  compartments,  and  the  first  compartment 
overflows  to  the  second,  the  second  to  the  third  and  so  on;  the  settlings  in  th^* 
first  compartment  go  to  chlorination  works,  while  the  settlings  in  the  remaining' 
compartments  go  to  a  Woodbury  end  shake  vanner,  which  yields  heads  to 
chlorination  works  and  tailings  to  waste. 

The  labor  required  is  two  men  per  24  hours,  divided  into  two  shifts. 

The  stuff  coming  to  the  mill  assays  0.044  ounce  gold  per  ton ;  the  'concentrate? 
from  the  riffle  boxes  assay  5.16  ounces  gold  per  ton  and  amount  to  7  tons  per 
month.  The  heads  of  the  vanner  assay  6  ounces  gold  per  ton  and  amount  to  10  ton> 
per  month.  The  tailings  which  go  to  waste  assay  0.02  ounce  gold  per  ton.  Basitnl 
on  the  above  figures,  the  stuff  coming  to  the  mill  being  119.5  tons  in  24  hour-, 
the  tailings  of  the  riffle  boxes  (fed  to  62  canvas  tables)  would  be  119.3  tons  in 
24  hours,  and  the  final  mill  tailings  would  be  118.9  tons  in  24  hours.  This  mill 
alone  saves  about  55%  of  the  gold  by  concentration  and  loses  about  45%  in  th<r 
tailings.  Mills  72  and  79  taken  together  save  about  83%  of  the  gold  by 
amalgamation  and  16%  by  concentration  and  lose  about  1%  in  the  tailings. 

§  754.  Mill  No.  80.  Utica-Stickles  Canvas  Plant,  Angels  Camp,  Caljl- 
VERAs  County,  California. — Capacity  about  410  tons  per  day.  The  mill  run:^ 
24  hours  per  day,  7  days  per  week.  The  material  treated  is  the  tailings  of 
Mills  73  and  74.  It  comes  in  a  receiving  launder,  which  divides  into  three 
launders.  Each  of  the  three  launders  then  divides  into  two,  making  six  in 
all,  and  three  of  these  supply  the  nearer  side  of  the  mill,  while  the  other  thrr«e 
bridge  over  and  supply  the  farther  side.  Each  of  these  six  launders  is  furthtr 
divided  into  five  radiating  launders,  terminating  in  distributing  tanks,  thirty 
in  all.  Each  distributing  tank  has  three  spigots,  and  each  spigot  feeds  one 
canvas  table,  making  ninety  tables  in  all.  The  tables  are  arranged  in  two  bank;: 
sloping  from  right  and  left  toward  the  three  center  launders,  two  of  which  aiv 
for  tailings  and  one  (called  No.  1  settling  tank)  is  for  heads.  The  tailings  of 
the  tables  go  to  waste,  while  the  heads  are  removed  every  two  hours  and  caught 
in  No.  1  settling  tank.  This  overflows  to  No.  2  settling  tank,  and  the  overflow 
of  No.  2  settling  tank  goes  to  waste.  The  settlings  in  both  No.  1  and  No.  2  set- 
tling tanks  are  shoveled  out  and  sent  to  the  cyanide  plant.  The  waste  tailin^'« 
of  the  mill  go  to  Mill  81. 

The  labor  required  is  six  men  per  24  hours,  divided  into  two  shifts.  Wa^res 
are  $1.50  per  day.  The  material  coming  to  the  mill  assays  0.03  ounce  golJ 
per  ton.  The  concentrates  from  No.  1  settling  tank  (3,000  pounds  per  24  hour-) 
assay  2.25  ounces  gold  per  ton,  and  those  from  No.  2  settling  tank  (238  poun<^ 
per  24  hours)  assay  3.0  ounces  per  ton.  The  tailings  assay  0.021  ounce  gold 
per  ton.  100  tons  of  material  coming  to  the  mill  yield  0.39  ton  of  concentrate^ 
and  99.6  tons  of  tailings.    The  mill  saves  about  30%  of  the  gold. 

This  mill  has  since  been  remodelled  after  the  plan  of  Mill  78. 

(g)    GOLD  MILL  WITH   GRAVITY  STAMPS  AND  CANVAS  TABLES. 

§  755.  A  mill  using  gravity,  stamps,  trommel  and  canvas  tables  has  been  nsed  in 
the  Cripple  Creek  district  of  Colorado.  Each  table  once  an  hour  was  shunted  oui. 
flowed  with  clear  water  to  remove  excess  of  quartz,  and  hosed  oflf  to  save  the  pyriit 
and  telluride  of  gold.    The  coarse  oversize  of  the  trommel  was  sent  back  to  tin 
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stamps  when  it  appeared  worth  while.  This  mill  appeals  for  a  place  by  its 
extreme  simplicity  and  its  use  of  apparatus  of  final  resort  as  its  main  means  of 
t^aving  the  values.  The  saving  is  not  high,  due  to  the  fact  that  the  coarser 
grains  require  different  conditions  on  the  canvas  table  from  the  very  fine  slimes. 

(r)    THE  ARRASTRA, 

§  756.  Mill  81,  which  is  the  only  mill  in  this  group,  is  a  tributer^s  mill,  such 
as  occurs  in  a  number  of  districts  in  California,  being  used  to  re-treat  the  tailings 
of  gold  stamp  mills.  The  catch  is  probably  from  gold  particles  included  in  the 
c|uartz  and  perhaps  also  in  a  little  of  the  flattish  auriferous  pyrite,  which  has 
escaped  the  vanners  and  canvas  tables.  In  some  cases  arrastras  are  used  upon 
the  ore  as  it  comes  from  the  mine. 

§  757.  Mill  No.  81.  Stephen  Lavagnino's  Arrastras,  Anoels  Camp, 
California. — Capacity  18  to  20  tons  per  24  hours.  The  mill  runs  24  hours 
per  day,  7  days  per  week.  The  material  treated  is  tailings  from  Mill  80,  which, 
with  added  water  from  Mill  65,  come  down  by  a  ditch  two  miles  to  this  mill. 
The  plant  consists  of  a  system  of  small  settling  tanks  for  stopping  the  material 
by  the  side  of  the  arrastras,  and  four  arrastras.  The  overflows  of  the  settling 
tanks  are  waste.  The  arrastras  (see  §  205)  each  treat  a  charge  of  4^  to  5  tons 
in  24  hours.  A  little  spoonful  of  mercury,  25  pounds  of  lime,  and  one  pound  of 
blue  stone  are  fed  each  day  per  arrastra,  the  total  cost  of  these  chemicals 
bt*ing  $0.60.  Every  day  the  finely  ground  charge  is  flushed  out  to  waste  and  a 
new  charge  shoveled  in  from  the  settling  tanks.  About  every  three  months  the 
arrastras  are  cleaned  out  for  the  accumulated  amalgam. 

At  one  clean  up  three  arrastras  yielded  13  pounds  of  amalgam  worth  $75  per 
pound.  Three  strong  men  working  13  or  14  hours  per  day  can  run  four  arras- 
tras. The  arrastras  are  driven  by  water  power.  The  material  coming  to  this 
mill  assays  about  0.02  ounce  gold  per  ton.  In  the  settling  tanks  it  is  probably 
concentrated  up  to  about  0.062  ounce  per  ton.  The  arrastras  save  about  0.03 
to  0.035  ounce  gold  from  each  ton  treated  although  sometimes  it  goes  as  low  as 
0.02  ounce. 

(«)  silver  mills  wet  or  dry. 

§  758.  rfte  wei  silver  mill  or  Washoe  process  is  in  two  forms.  One  is  called 
the  tank  mill  and  uses  breakers,  gravity  stamps,  settling  tanks,  amalgamating 
pans  for  grinding,  chemical  treatment  and  amalgamation,  settlers  and  agitators. 
The  other  is  called,  from  its  inventor,  the  Boss  continuous  system  of  amalgama- 
tion and  uses  breaker,  gravity  stamps,  pans  for  grinding,  pans  for  chemical  treat- 
ment and  amalgamation,  settlers  and  agitators.  They  both  use  one  or  more  of 
the  following  chemicals  as  needed,  adding  them  in  the  order  called  for :  mercury, 
the  iron  of  the  pan,  cupric  sulphate  (blue  stone),  sodium  chloride  (common  salt), 
sulphuric  acid,  soda  ash,  quick  lime  (burnt  lime). 

Tlie  dry  silver  mill  or  Reese  River  process  roasts  the  ore  with  salt  and  then 
amalgamates  in  amalgamating  pans.  It  uses  breaker,  dry  gravity  stamps,  con- 
veyor, roasting  furnace,  cooling  floor,  pans,  settlers  and  agitators.  Mercury  and 
the  iron  of  the  pan  are  the  only  chemicals  used  other  than  those  in  the  roasted  ore. 

The  two  processes,  on  account  of  the  chemical  reactions  used  in  them,  are 
treated  in  the  books  on  metallurgy  and'  the  reader  is  referred  for  descriptions  of 
them  to  King,"  Schnabel,"  Egleston,*'  Eissler"  and  Phillips." 

(t)  SILVER  combination  MILLS  COMBINING  GOLD  MILLS  AND  WET  SILVER  MILLS 

OR  WASnOE  PROCESS. 

§  759.  This  group  includes  Mills  82,  83  and  84.  The  treatment  takes  out  the 
free  gold  as  amalgam  on  amalgamated  plates,  and  the  rusty  gold  and  sulphides  of 
the  valuable  metals  as  concentrates  of  the  vanners.     The  included  grains  and  fine 
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slimed  sulphides  then  yield  silver  and  gold  to  amalgam  in  the  pans  of  the  Washoe 
process.  The  settlers,  agitators,  etc.,  extract  this  amalgam.  The  amount  of 
gold  caught  by  amalgamated  plates  in  Mill  83  would  be  small  and  so  the^'  are 
not  used,  but  in  Mills  82  and  84  they  arp  thought  to  save  enough  to  pay  for  their 
use,  although  even  in  these  two  mills  if  plates  were  not  used  the  gold  would  still 
be  caught,  either  on  the  vanners  or  in  the  amalgamating  pans. 

The  advantages  of  this  process  over  the  wet  and  dry  silver  mill  are  thus  stated 
by  Mr.  Arthur  Buckbee,  based  on  experience  in  the  Tintic  district,  Utah.  Wet 
stamps  crush  one  and  one-half  to  two  times  as  fast  as  dry.  The  dry  silver  mill 
extracts  one-tenth  more  silver  than  the  wet,  but  adds  the  cost  of  roasting.  The 
combination  mill  saves  the  lead  which  is  lost  in  the  other  two  processes,  and  by 
the  concentration  largely  prevents  lead  and  arsenic  from  fouling  the  mercury  and 
interfering  with  the  amalgamation. 

§  760.  Mill  No.  82.  Montana  Mining  Company,  Limited,  Marysvtlle, 
Montana.  Combination  Mill. — Capacity  110  tons  per  24  hours.  The  mill 
runs  24  hours  per  day,  7  day's  per  week.  The  description  of  the  ore  has  been 
already  given  under  Mill  68.  The  ore  is  brought  in  cars  holding  one  ton  and 
dumped  upon  (1). 

1.  Two  No.  1  grizzlies  with  1^-inch  spaces.  Oversize  is  hand  picked  into  rich 
ore  to  smelter  and  residue  to  (2) ;  undersize  to  (3). 

2.  Two  No.  1  Blake  breakers,  9  X  15. inches,  crushing  to  IJ  inches.     To  (3). 

3.  From  (1)  and  (2).  Ore  bin  91  feet  long,  14  feet  wide,  and  13  feet  deep 
with  bottom  sloping  45°  and  holding  600  tons.  By  ten  chutes  and  ten  Hendj 
feeders  to  (4). 

4.  Fifty  gravity  stamps  arranged  in  ten  batteries  using  screens  with  0.52-mm. 
square  holes  and  having  mercury  fed  to  the  mortar.  Pulp  to  (5) ;  at  periodical 
clean  up,  amalgam  to  be  retorted,  scrap  iron  to  waste  and  sulphurets  to  smelter. 

5.  Ten  amalgamated  plates  or  apron  plates.  Pulp  to  (6) ;  amalgam  removed 
daily,  cleaned  into  hand  pan,  strained  and  retorted-. 

6.  Two  launders,  one  for  six  batteries  and  one  for  four  batteries,  provided  with 
Howland  rifiBes.  Pulp  by  two  bucket  elevators  and  distributing  launders  to  (7) ; 
heavy  sand  and  amalgam  removed  every  three  days  to  (13). 

7.  Twenty  4-foot  Frue  vanners  with  amalgamated  plates  on  their  distributors. 
Heads  to  smelter;  tailings  to  (8) ;  amalgam  removed  from  plates  weekly  and  re- 
torted. 

8.  Eighty  settling  tanks  arranged  in  two  sets  of  forty  each,  one  set  for  twelve 
vanners,  and  one  set  for  eight  vanners.  Bach  set  consists  of  eleven  No.  1  tanks 
in  series  followed  by  twenty-eight  No.  2  tanks  in  series  and  one  No.  3  tank. 
Settlings  in  No.  1  and  No.  2  tanks  are  shoveled  out,  wheeled  to  a  feeding  floor, 
and  thence  to  (9) ;  settlings  in  No.  3  tanks  flushed  out  to  (9) ;  a  portion  of  the 
water  in  No.  3  tank  is  pumped  back  to  the  stamp  mortars  (4)  ;  overflow  of  No.  3 
tanks  to  waste. 

9.  From  (8),  (11)  and  (12).  Twenty-four  amalgamating  pans,  5-foot  com- 
bination pans,  using  mercury  and  chemicals.  The  charge  is  one  ton  per  pan 
and  the  time  of  treatment  of  a  charge  is  four  hours,  one-half  the  pans  being  dis- 
charged every  two  hours  to  (10) ;  heavy  sand  cleaned  out  occasionally  to  (13). 

10.  Twelve  settlers.  Time  of  treatment  of  a  charge  is  two  hours.  Amalgam  to 
(14);  pulp  to  (11). 

11.  Five  agitators.  Heavy  sand  cleaned  out  every  twelve  hours  to  (9) ;  over- 
flow continuously  to  (12). 

12.  One  wheel  agitator.  Heavy  sand  cleaned  out  periodically  to  (9)  ;  light 
sand  and  water  to  waste. 

13.  From  (6)  and  (9).  A  clean  up  pan.  Amalgam  to  (14)  ;  sulphurets  to 
smelter. 
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14.  From  (10)  and  (13).  Four  amalgam  strainers  and  safes.  Amalgam  by 
ear  to  retort  to  be  retorted  and  melted ;  mercury  used  over  in  the  mill. 

The  labor  required  in  this  mill  is  39  men  per  24  hours:  2  foremen,  2  engineers, 
3  firemen,  3  breaker  men,  5  battery  men,  2  plate  men,  4  vanner  men,  4  pan  men,  2 
pan  helpers,  10  tank  men  and  2  agitator  men.  The  breaker  men,  battery  men  and 
fii-enien  work  8-hour  shifts  and  the  rest  of  the  men  work  12-hour  shifts.  Wages 
vary  from  $3  per  day  for  a  laborer  to  $4  or  $4.50  for  a  mechanic.  Board  costs 
$1  per  day  and  wood  is  $3.80  per  cord.  Power  is  furnished  by  a  poppet  valve 
high  pressure  engine  which  gives  200  indicated  horse  power.  The  boilers  require 
ten  cords  of  wood  per  24  hours. 

The  water  required  is  175.4  gallons  per  minute  divided  as  follows:  boilers,  11 
gallons ;  30  side  pans  for  live  steam,  2.4  gallons ;  20  side  pans  for  live  steam,  2 
gallons;  stamps,  100  gallons;  vanners,  20  gallons;  settlers,  40  gallons. 

The  ore  assays  from  0.25  to  0.50  ounce  gold  and  10  to  15  ounces  silver  per  ton ; 
the  smelting  ore  picked  out  by  hand  at  the  grizzly  (from  0  to  10  tons  per  mionth) 
assays  2.5  to  8.3  ounces  gold  and  77  to  258  ounces  silver  per  ton ;  the  vanner  con- 
centrates assay  8.3  ounces  gold  and  258  ounces  silver  per  ton ;  the  tailings  assay 
0.075  ounce  gold  and  4  to  5  ounces  silver  per  ton.  The  bullion  from  the  plates  is 
500  to  600  fine  in  gold  and  400  to  500  fine  in  silver ;  that  from  the  settlers  is  16 
fine  in  gold  and  750  fine  in  silver.  One  hundred  tons  of  ore  yield  from  }  to  1 
ton  of  concentrates  and  about  99  tons  of  tailings ;  and  also  55  to  73  ounces  of  bul- 
lion from  the  apron  plates,  4  to  5  ounces  from  the  plates  on  the  vanners  and  600 
ounces  from  the  settlers.  Of  the  gold  60%  is  saved  by  the  amalgamated  plates, 
]5%  by  the  amalgamating  pans  and  13%  by  the  vanners,  and  12%  is  lost  in  the 
tailings.  Of  the  silver  2%  is  saved  by  the  plates,  38%  by  the  pans  and  22%  by 
the  vanners,  and  37%  is  lost  in  the  tailings.  The  loss  of  mercury  is  about  \ 
pound  per  ton  of  ore. 

The  waste  tailings  of  this  mill  are  now  caught  in  settling  ponds  and  cyanided 
(see  end  of  Mill  68). 

This  mill  was  originally  designed  as  a  dry  crushing  silver  mill  using  the  Beese 
River  process.  Before  completion  it  was  found  that  the  Washoe  process  of  wet 
stamping  was  more  suitable,  and  the  plates  and  settling  tanks  were  installed  in  a 
cramped  space  between  the  stamps  and  the  pans,  and  the  tank  accommodation  is 
therefore  entirely  inadequate.  Tjater  it  was  found  that  the  combination  process 
was  the  best  process  but  as  there  was  no  room  for  vanners  in  their  proper  position 
between  the  plates  and  the  settling  tanks,  they  had  to  be  placed  elsewhere,  some 
on  the  old  drying  floor  back  of  the  stamps  and  some  in  an  additional  building  out- 
side, and  it  was  necessary  to  install  elevators  to  lift  the  pulp  from  the  plates  to 
the  vanners.  This  arrangement  complicates  the  whole  mill,  necessitates  the 
employment  of  additional  men,  and  adds  considerably  to  the  expense. 

g  761.  Mill  No.  83.  Eureka  Hill  Mining  Company.  Eureka,  Tintio 
District,  Utah. — Capacity  120  tons  per  24  hours.  The  mill  runs  24  hours  per 
day,  7  days  per  week  The  ore  is  oxidized  ore  and  consists  of  the  economic  min- 
erals native  silver,  cerargyrite,  galena,  cerrusite,  anglesite,  malachite,  azurite, 
chrysocolla,  and  arsenite  and  arseniate  of  copper,  and  a  gangue  of  quartz,  calcite, 
siderite,  and  rhodocrosite.  Tlie  problem  is  to  save  the  gold  and  silver  and  to 
remove  arsenic  and  manganese  previous  to  amalgamation  since  the  former  sickens 
the  mercury  and  the  latter  neutralizes  the  effect  of  the  chemicals  in  the  amal- 
gamating pans.  The  ore  is  -divided  into  two  classes:  (a)  rich  ore  which  goes  to 
the  smelter,  and  (6)  concentrating  ore  which  is  brought  in  cars,  holding  one  ton, 
up  the  side  of  the  hill  by  an  inclined  hoist  700  feet  long,  with  22**  slope,  and 
dumped  into  two  hoppers,  each  10  X  7  feet,  and  3  feet  deep.  These  hoppers 
deliver  to  two  Comet  breakers,  size  D,  crushing  to  1  or  1^  inches,  and  the  crushed 
ore  goes  to  two  mill  bins,  each  46  feet  long,  18  feet  wide  and  18  feet  deep  in  front. 
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with  bottom  sloping  45**.  The  ore  is  discharged  through  twelve  gates  and  cliutr- 
to  twelve  Hendy  feeders  and  thence  to  sixty  gravity  stamps  arranged  in  twol.r 
batteries,  using  screens  with  0.42-mni.  square  holes  and  having  no  mercury  fr-d  tn 
the  mortars.  The  pulp  from  forty  stamps  goes  to  eight  No.  1  (vfoot  Fnie  vaunrr- 
and  that  from  the  other  twenty  stamps  is  evenly  distributed  among  sixteen  No. 
2  6-foot  Frue  vanners.  The  heads  of  both  No.  1  and  No.  2  vanners  are  shipp  »i 
to  smelter;  the  tailings  of  No.  1  vanners  are  evenly  distributed  among  the  sixtetrD 
No.  2  vanners,  and  the  tailings  of  No.  2  vanners  go  to  sixty-nine  settling  tanL-. 
The  overflow  water  of  these  tanks  is  pumped  back  to  be  used  over  again  in  the 
stamps  and  on  the  vannere;  the  settlings  are  either  shoveled  or  flushed  out  to 
twenty-four  amalgamating  pans,  5-foot  combination  pans,  using  mercury  and 
chemicals.  The  charge  of  sand  is  1^  tons  per  pan  and  the  time  of  treatment  is 
eight  hours.  HaU  of  the  pans  are  discharged  every  four  hours  to  the  settlers. 
The  pans  are  cleaned  out  twice  a  month  yielding  amalgam  to  a  clean  up  pan. 
There  are  twelve  settlers  and  the  time  of  treatment  in  each  is  four  hours.  Thev 
yield  amalgam  to  strainers  and  pulp  to  four  agitators  which  in  turn  yield  a  little 
amalgam  to  the  strainers  when  the  settlers  are  not  working  perfectly.  The  sand 
and  water  overflow  continuously  from  the  agitators  to  the  pond  from  which  the 
water  is  pumped  back  to  a  tank  to  be  used  over  again  in  the  settlers.  There  are 
two  clean  up  pans  in  the  mill  which  treat  the  amalgam  cleaned  out  from  the 
amalgamating  pans  and  they  yield  amalgam  to  the  strainers  and  pulp  which  goe> 
to  the  above  mentioned  settlers.  There  are  six  strainers  and  safes  to  receive  the 
amalgam  from  the  settlers,  agitators  and  clean  up  pans.  They  yield  hard  amal- 
gam to  be  retorted  and  melted  and  mercury  to  be  cleaned  and  used  over  in  the  mill 
The  melted  bullion  is  shipped  to  a  lead  refinery. 

The  mill  employs  33  men  per  24  hours:  1  superintendent,  2  foremen,  2  en- 
gineers, 2  firemen,  2  breaker  men,  3  battery  men,  3  vanner  men,  3  pan  men,  am: 
15  others.  Wages  vary  from  $2  or  $2.50  per  day  for  laborers  to  $2.50  or  $3.50 
per  day  for  mechanics.     Board  costs  $22.50  per  month,  and  coal  is  $3  per  ton. 

The  power  is  supplied  by  a  Fraser  &  Chalmers  compound  Corliss  engine  with  a 
receiver  but  no  condenser,  with  high  pressure  cylinder  20  X  48  inches,  cutting  off 
at  -J  stroke,  and  low  pressure  cylinder  32  X  48  inches.  Steam  at  125  pound > 
pressure  per  square  inch  is  generated  by  six  fire  tube  steel  boilers,  54  inches  diam- 
eter, 16  feet  long,  with  44  tubes  3^  inches  diameter.  The  mill  bums  11 J  tons  of 
coal  per  24  hours. 

Water  is  pumped  from  Homansville,  3  miles  distant,  with  an  expenditure  of 
two  tons  of  coal  per  day,  through  a  6-inch  pipe  and  up  400  feet  to  a  store  tank 
with  a  capacity  of  600,000  gallons,  placed  at  the  top  of  the  mill.  The  mill 
requires  about  60,000  gallons  of  fresh  water  per  24  hours  for  the  entire  work,  in 
addition  to  what  is  obtained  by  repumping  from  the  settling  tanks  and  the  set- 
tling pond.  Of  the  total  fresh  water  delivered  to  the  mill,  28%  is  used  for 
making  steam  and  72%  is  used  in  actual  milling. 

Tlie  ore  assays  0.10  to  0.25  ounce  gold  and  17  ounces  silver  per  ton.  A  chem- 
ical analysis  showed  it  to  also  contain:  silica  (SiOj)  75%,  copper  1%,  lead  2^  . 
antimony  (Sb)  0.5%,  arsenic  (As)  0.5%,  aluminum  (Al)  2%,  manganes' 
(Mn)  1%,  iron  (Fe)  1%,  lime  (CaO)  7.8%,  sulphur  (S)  2%,  carbon  dioxide 
(CO2)  Q.2%,  A  set  of  assays  of  samples  all  taken  on  the  same  day  gave  the  fol- 
lowing: pulp  from  the  stamps  contained  0.08  ounce  gold  and  20.5  ounces  silver  p*  r 
ton,  1%  lead  and  1%  copper;  the  heads  of  No.  1  vanners  contained  0.29  ounc-e 
gold  and  82.4  ounces  silver  per  ton,  33%  lead  and  3%  copper;  the  tailings  of  No. 
2  vanners  contained  12.5  ounces  silver  per  ton  and  0.5%  copper;  the  pulp  leavinir 
the  settlers  contained  5.1  ounces  silver  per  ton.  One  hundred  tons  of  ore  yield  U» 
tons  of  concentrates  and  90  tons  of  tailings.  The  mill  saves  about  40%  of  tho 
silver  by  concentration  and  40%  by  amalgamation  and  loses  20%  in  the  tailings. 
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In  this  mill  as  well  as  in  the  next  one,  notice  that  the  tailings  of  one  set  of 
Frue  vanners  are  further  treated  on  a  second  set.  This  mill  has  recently  been 
enlarged  so  that  it  contains  100  stamps,  50  Frue  vanners,  32  amalgamating  pans, 
and  16  settlers. 

§  762.  Mill  No.  84.    Mammoth  Mining  Company,  Mammoth,  Tintic  Dis- 
trict, Utah. — Figs.  522a  and  5226  show  this  mill  when  twenty  stamps  had  been 
installed. — Capacity  100  tons  per  24  hours.     The  mill  runs  24  hours  per  day,  7 
days  per  week.     The  ore  is  oxidized  and  consists  of  the  economic  minerals  native 
silver,  eerargyrite,  argentite,  argentiferous  barite,  malachite,  and  arsenite  and 
arseniate  of  copper,  and  a  gangue  of  quartz  and  calcite.     The  problem  is  to  save 
the  silver  and  the  accompanying  gold  and  incidentally  the  lead  and  copper.     Some 
rich  ore  is  shipped  direct  to  the  smelter.     The  concentrating  ore  is  brought  one 
mile  in  bottom  discharge  wagons  and  dumped  through  a  hatchway  upon  a  grizzly 
with  l^-inch  spaces.     The  undersize  goes  direct  to  the  No.  2  or  stamp  bins  while 
the  oversize  goes  to  No.  1  bin  which  is  20  feet  long,  14  feet  wide,  and  12  feet  deep 
on  the  front  side,  with  bottom  sloping  40°,  and  holding  80  tons.    This  discharges 
by  rack  and  pinion  gate  to  No.  1  breaker,  a  Comet,  size  D,  crushing  to  3  inches,  the 
product  of  which  goes  to  a  trommel  with  1-inch  round  holes.     The  undersize  of 
this  passes  direct  to  No.  2  bins;  the  oversize  passes  through  two  No.  2  Blake 
breakers,  9  X  15  inches,  crushing  to  1^  inches,  and  thence  by  two  horizontal  rubber 
belt  conveyors  to  the  No.  2  bins,  the  stuff  being  delivered  to  any  desired  part  by 
means  of  an  oblique  scraper.     There  are  two  of  the  No.  2  or  stamp  bins,  each 
29^  feet  long,  18  feet  deep  in  front  and  14  feet  wide,  with  bottom  sloping  40°. 
They  deliver  the  ore  by  gates  and  chutes  through  eight  Hendy  feeders  to  forty 
gravity  stamps  arranged  in  eight  batteries,  using  screens  with  0.41-mm.  square 
holes  and  having  no  mercury  fed  to  the  mortar.     The  mortars  are  cleaned  out 
monthly  to  remove  scraps  of  iron  which  go  to  waste.     The  pulp  issuing  from  the 
mortars  passes  over  eight  sets  of  amalgamated  plates  and  mercury  traps  each 
arranged  as  follows :  a  transverse  distributing  trough,  an  apron  plate,  No.  1  mer- 
cury trap.     Amalgam  is  removed  daily  from  the  plates  and  is  retorted*.     The  mer- 
cury traps  are  cleaned  out  periodically  and  the  heavy  sand  and  amalgam  sent  to 
a  clean  up  pan.     The  pulp  after  passing  over  the  mercury  trap  runs  to  eight  No. 
1  6-foot  Frue  vanners  the  heads  of  which  go  to  smelter  and  the  tailings  go  to  six- 
teen No.  2  6-foot  Frue  vanners.     The  heads  of  these  also  go  to  smelter  and  the 
tailings  go  to  thirty  settling  tanks.     There  is  one  spare  7-belt  Woodbury  vanner 
which  may  be  used  as  a  No.  1  vanner.     The  launders  are  also  arranged  so  that  if 
a  No.  1  vanner  is  out  of  order  the  pulp  can  go  to  the  corresponding  two  No.  2 
vanners.     The  thirty  settling  tanks  are  arranged  in  series  and  the  settlings  are 
dumped  through  the  bottom  into  amalgamating  pans  while  the  overflow  is  lifted 
by  a  plunger  pump  back  to  be  used  over  again  in  the  stamps.     There  are  twenty 
amalgamating  pans,  5-foot  combination  pans,  using  mercury  and  chemicals. 
The  charge  of  ore  is  \\  tons  and  the  time  of  treatment  is  six  hours,  one-half  the 
pans  being  discharged  every  three  hours  to  the  settlers.     The  pans  are  cleaned  out 
once  a  month  and  the  heavy  sand  and  amalgam  sent  to  the  clean  up  pans.    There 
are  ten  settlers  which  treat  a  charge  in  three  hours  and  yield  amalgam  to  strainers 
and  pulp  to  two  agitators.     A  small  amount  of  amalgam  is  obtained  from  these 
agitators  and  goes  to  the  strainers ;  the  sand  and  water  overflow  continuously  from 
the  agitators  and  run  to  a  settling  pond  from  which  the  water  is  pumped  back  to 
be  used  over  again  in  the  pans  and  settlers.     These  tailings  from  the  agitators 
have  been  run  over  blanket  tables.     One  strainer  and  amalgam  safe  receives  the 
amalgam  from  the  settlers  and  agitators,  and  yields  hard  amalgam  to  be  retorted 
and  quicksilver  to  be  used  over  in  the  mill.     The  clean  up  pan  which  treats  stuff 
from  the  mercury  traps  and  amalgamating  pans  grinds  a  charge  in  two  hours  and 
discharges  it  to  the  settlers. 
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The  labor  required  is  31  men  per  24  hours:  2  engineers,  2  firemen,  1  breaker 
man,  3  battery  men,  5  vanner  men,  2  pan  men,  and  16  others-  Wages  vary  from 
$2  or  $2.50  per  day  for  laborers  to  $3  or  $4  for  mechanics.  Board  costs  $25  per 
month.     Coal  costs  $2.75  per  ton  and  wood  $1.60  per  cord. 

Water  is  pumped  18  miles  and  up  400  feet  through  an  8-inch  cast  iron  pipe 
by  a  Tappan  pump  requiring  an  expenditure  of  two  cords  of  wood  per  24  hours. 
The  amount  is  70,000  gallons  in  24  hours,  and  in  addition  30,000  gallons  are 
repumped  from  the  settling  tanks  and  settling  pond,  making  the  total  amount 
of  water  used  by  the  mill  100,000  gallons  per  24  hours.  Of  this  amount  nearly 
58,000  gallons  are  used  by  the  stamps. 

Power  is  furnished  by  a  Fraser  &  Chalmers  compound  Corliss  engine  rated  at 
280  horse  power.  The  low  pressure  cylinder  has  not  been  added  and  it  actually 
indicates  212  horse  power.  There  are  four  fire  tube  boilers,  16  feet  long,  56 
inches  diameter,  with  50  tubes  3^  inches  in  diameter,  running  under  a  steam 
pressure  of  125  poimds  per  square  inch.  Only  three  are  run  at  a  time  and  they 
bum  eight  tons  of  coal  per  24  hours. 

The  shipping  ore  assays  2  to  5  ounces  gold  and  10  to  200  ounces  silver  per  ton, 
and  20  to  60%  lead.  The  concentrating  ore  assays  0.25  to  0.60  ounce  gold  and 
6  to  12  ount«s  silver  per  ton.  The  concentrates  assay  1.5  to  2.5  ounces  gold,  and 
25  to  50  ounces  silver  per  ton,  and  5  to  7%  lead.  The  tailings  assay  0.082  to 
0.125  ounce  gold  and  2  to  4  ounces  silver  per  ton.  The  bullion  is  50  to  500  fine 
in  gold  and  400  to  850  fine  in  silver.  One  hundred  tons  of  concentrating  ore  yield 
4  to  8  tons  of  concentrates  from  No.  1  vanners,  2  to  4  tons  from  No.  2  vanners  and 
88  to  94  tons  of  tailings.  In  addition  there  are  from  2  to  20  tons  of  shipping 
ore  for  every  100  tons  of  concentrating  ore.  The  amount  of  bullion  ranges  from 
10,000  to  12,000  ounces  per  month.  Of  the  gold  22%  is  saved  on  the  amal- 
gamated plates,  28%  in  the  vanner  concentrates,  and  32%  in  the  amalgamatintr 
pans,  and  18%  is  lost  in  the  tailings.  The  corresponding  figures  for  silver  are 
3%,  32%,  35%  and  30%  respectively.  Of  the  lead  and  copper  85%  is  saved  in 
the  vanner  concentrates  and  15%  is  lost  in  the  tailings. 

This  mill  has  been  increased  to  60  stamps  and  36  vanners  and  other  machinery 
to  correspond.  The  use  of  graded  crushing  in  this  mill  by  two  sets  of  rock 
breakers  with  a  trommel  between  is  rather  unusual.  The  advantage  probably  i? 
that  hand  sledging  of  the  large  lumps  is  not  necessary. 

{u)    GOLD  COMBINATION  MILLS  COMBINING  COMPLEX  JIGGING  MILLS  AND  GOLD 

MILLS. 

§  763.  This  group  includes  Mills  85  to  88  inclusive.  They  use  breaker,  roll?, 
screens,  classifiers,  jigs  and  tables  in  the  first  part,  and  gravity  stamps,  amal- 
gamated plates,  and  vanners  or  tables  in  the  last  part.  The  last  part  treats  the  jig 
tailings  from  the  first  part.  Mill  85  uses  Gilpin  County  concentrators  in  both 
parts.  Mill  86  uses  Gilpin  County  concentrator,  vanner  and  slime  table  in  the 
first  part,  Huntington  mill  to  replace  stamps  and  Gilpin  County  concentrators  in 
the  second  part.  Mill  87  uses  vanners  in  the  second  part,  and  Mill  88  has  Gilpin 
County  concentrators  and  a  vanner  in  the  second  part. 

Besides  the  mills  described  in  this  class  the  Silver  Lake  Mill  of  Silverton, 
Colorado,  is  also  a  leading  mill  of  the  kind.  This  class  of  mills  is  suited  to'ore> 
which  carry,  in  addition  to  free  gold,  a  considerable  percentage  of  concentrates  in 
fairly  coarse  crystallization. 

Mill  86  is  representative  of  the  system  of  coarse  crushing  and  concentratioTi 
followed  by  amalgamation  on  Gilpin  County  ore  in  comparison  with  the  syst(*m  of 
fine  stamping  and  amalgamation  followed  by  concentration  which  is  representeil 
by  Mill  77.     Much  discussion  has  occurred'  over  the  relative  merits  of  the  two 
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systems.  The  best  opinion  seems  to  be  that  each  has  a  sphere  of  its  own  depending 
on  the  nature  of  the  ore,  the  percentage  of  sulphides  in  the  ore,  and  the  ruling 
smelting  charges. 

The  Gilpin  County  ores  as  a  rule  have  the  pyrite  in  quite  coarse  crystallization 
and  the  gold  is  contained  in  the  pyrite  so  that  one  would  naturally  consider  it  a 
concentrating  ore.  When  this  district  was  developed,  however,  there  was  no 
maikct  for  low  grade  concentrates  and  consequently  fine  crushing  and  amalgama- 
tion was  the  only  system  that  could  be  used*.  Later  when  concentrates  could  be 
sold  concentrators  were  put  into  the  mills  and  thus  originated  the  scheme  illus- 
trated by  Mill  77.  This  system  is  of  low  cost  and  where  the  percentage  of  sul- 
phides is  not  so  high  as  to  cause  a  considerable  loss  by  sliming  it  gives  a  fairly 
good  extraction  so  that  the  net  return  per  ton  of  ore  is  greater  than  with  any  other 
process.  An  illustration  of  how  the  loss  increases  as  the  percentage  of  sulphides 
increases  is  given  by  Argall,*'  who  states  that  a  lot  of  ore  containing  95%  pyrite 
and  assaying  1.06  ounces  gold  and  1.74  ounces  silver  per  ton,  was  put  through  a 
mill  similar  to  Mill  77  and  50%  of  the  pyrite  was  lost  in  the  tailings  as  slime 
sind  this  contained  25%  of  the  gold  and  49%  of  the  silver.  Amalgamation 
jsaved  35%  of  the  gold  and  6%  of  the  silver  and  concentration 
saved  40%  of  the  gold  and  45%  of  the  silver.  The  process  illustrated  by  Mill 
S6  is  more  costly  but  it  does  not  produce  so  many  slimes  and  the  total  saving  is 
hi<rher  than  in  Mill  77  especially  where  the  ores  have  a  high  percentage  of  sul- 
phides (over  15%)  or  where  the  ore  is  refractory  to  amalgamation,  particularly 
ores  containing  tetrahedrite. 

Two  other  arguments  are  used.  The  first  is  that  it  is  of  no  benefit  to  use 
amalgamation  previous  to  concentration,  for  the  gold  would  all  be  saved  by  con- 
centration alone.  This  is  not  always  true  however,  as  is  shown  by  the  following 
instance"'  from  another  district.  At  Mount  Shasta,  California,  a  gold  ore  con- 
taining its  value  in  sulphides  of  iron,  zinc,  copper  and  lead  was  crushed  in  a  Tustin 
mill  to  40  mesh  and  concentrated,  resulting  in  a  saving  of  90  to  94%  of  the  gold. 
An  amalgamated  plate  was  then  placed  between  the  Tustin  mill  and  the  con- 
centrator and  saved  a  lot  of  free  gold  bringing  up  the  total  saving  to  95  or  96%. 
The  second  argument  is  that  the  net  saving  to  the  miner  is  greater  if  he  stamps  fine 
7\x\\  saves  all  he  can  in  amalgam  and  that  the  net  loss  to  him  due  to  loss  in  fine 
slimes  is  less  than  if  he  saved  a  larger  percentage  of  the  gold  in  concentrates  which 
wore  greater  in  amount  and  then  had  to  pay  out  all  he  had  gained  and  perhaps 
more  in  paying  freight  and  smelting  charges. 

It  seems,  then,  to  be  a  question  entirely  of  the  ledsrer  to  determine  whether 
th'*  percentage  of  sulphides  and  other  conditions  are  such  that  the  greater  extrac- 
tion of  the  coarse  crushing,  concentrating,  and*  amalgamating  scheme  of  Mill  86 
will  or  will  not  pay  for  its  increased  cost  over  the  fine  stamping,  amalgamating 
and  concentrating  scheme  of  Mill  77. 

§  764.  Mill  No.  85.  Newton  Jigging  Mill,  Idaho  Springs,  Colorado. — 
The  description  of  the  ore  has  been  already  given  under  Mill  70.  The  ore  is 
brought  in  two-horse  wagons  and  shoveled  to  (1). 

1 .  A  bin  50  feet  long,  12  feet  wide,  and  8  feet  deep.  By  shovel  or  wheelbarrow 
to  (2). 

2.  One  Blake  breaker,  7X9  inches,  crushing  to  U  inches.     To  (3). 

3.  From  (2)  and  (5).     One  No.  1  bucket  elevator.     To  (4). 

4.  One  No.  1  trommel  with  4-mesh  square  holes.  Oversize  to  (5)  ;  undersize 
to  (6). 

r,.  One  pair  of  No.  1  rolls,  20  X  16  inolioj?.     To  (3). 

6.  From  (4).  One  No.  2  trommel  with  8-mcsh  square  holes.  Oversize  to 
(lf>)  ;  undersize  to  (7). 
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7.  One  No.  3  trommel  with  12-me8h  square  holes.  Oversize  to  (11)  ;  under- 
size  to  (8). 

8.  One  No.  1  hydraulic  classifier  with  one  spigot.  Spigot  to  (12)  ;  overflow  to 
(9). 

9.  One  No.  1  surface  current  box  classifier  with  one  spigot  Spigot  to  (13) ; 
overflow  to  (22). 

10.  From  (6).  Two  No.  1  jigs.  2-sieve  Harz  jigs.  Skimmings  and  hatches 
to  (21)  ;  tailings  to  (14). 

11.  From  (7).  One  No.  2  jig.  3-sieve  Harz  jig.  Hutches  to  (21) ;  tailings 
to  (14). 

12.  From  (8).     One  No.  3  jig.      3-sieve  Harz  jig.     Products  like  (11). 

13.  From  (9).  One  No.  1  double  Gilpin  County  concentrator.  Heads  to 
(21) ;  tailings  to  (22). 

14.  From  (10),  (11)  and  (12).  One  No.  1  unwatering  box  with  one  spigot 
Spigot  to  (15) ;  overflow  to  (22). 

15.  Ten  gravity  stamps  arranged  in  two  batteries  and  having  mercury  fed  to 
the  mortars.     Pulp  to  (16) ;  mortars  cleaned  out  fortnightly  for  amalgam. 

16.  Two  amalgamated  plates.  Pulp  from  one  plate  to  (17) ;  pulp  from  the 
other  plate  to  (19) ;  amalgam  removed  periodically  and  retorted. 

17.  One  No.  1  mercury  trap.  Pulp  to  (18) ;  heavy  sand  and  amalgam  removed 
periodically  and  the  amalgam  panned  out  and  retorted. 

18.  One  No.  2  double  Gilpin  County  concentrator.  Heads  to  (21)  ;  tailings 
to  (22). 

19.  From  (16).  One  No.  2  hydraulic  classifier  with  two  spigots.  Each  spigot 
to  one  half  of  (20) ;  overflow  to  (22). 

20.  One  No.  3  double  Gilpin  County  concentrator.  Heads  to  (21) ;  tailings 
to  (22). 

21.  From  (10),  (11),  (12),  (13),  (18),  (20).  The  concentrates  are  caught 
in  boxes,  loaded'  in  bulk  into  railroad  cars  and  shipped  to  smelter. 

22.  From  (9),  (13),  (14),  (18),  (19),  (20).     Tailings  launder  to  waste. 

§  765.  Mill  No.  86.  Rocky  Mountain  Mill,  Blackhawk,  Gilpin  County, 
Colorado. — Capacity  75  tons  in  24  hours.  The  mill  runs  24  hours  per  day, 
6  days  per  week.  The  ore  consists  of  the  gold  and  silver  bearing  economic  min- 
erals pyrite,  chalcopyrite,  blende  and  galena,  and  a  gangue  of  quartz  and  disinte- 
grated granite.  The  problem  is  to  save  the  gold  and  silver.  The  ore  is  brought 
in  car3  holding  10  tons,  10  cars  to  a  train,  or  by  4-horse  wagons,  weighed  and 
dumped  into  (1). 

1.  Six  receiving  bins,  each  holding  20  tons.     By  shovel  to  (2). 

2.  One  No.  1  Blake  breaker,  7  X  10  inches,  crushing  to  1  inch.     To  (3). 

3.  One  pair  of  No.  1  rolls,  30  X  14  inches,  set  J  inch  apart.     To  (4). 

4.  From  (3)  and  (6).     One  No.  1  bucket  elevator,  to  (5). 

5.  One  No.  1  trommel  with  9-mm.  round  holes.  Oversize  to  (6) ;  undersize 
to  (7). 

6.  One  pair  of  No.  2  rolls,  30  X  14  inches,  set  close  together.     To  (4). 

7.  From  (5).  A  Collins  sampler.  Sample  (about  1%  of  total)  is  sampled 
down  further  by  the  assayer;  remainder  to  (8). 

8.  One  No.  2  trommel  wifh  6i-mm.  round  holes.  Oversize  to  (14)  ;  under- 
size to  (9). 

9.  One  No.  3  trommel  with  3-mm.  round  holes.  Oversize  to  (16)  ;  undersize 
to  (10). 

10.  One  No.  4  trommel  with  l^-mm.  round  holes.  Oversize  to  (18)  ;  under- 
size to  (11). 

11.  One  No.  1  hydraulic  classifier  with  one  spigot.  Spigot  to  (21)  ;  overflow 
to  (12). 
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12.  One  No.  2  hydraulic  classifier  with  one  spigot.  Spigot  to  (23) ;  overflow 
to  (13). 

13.  One  No.  1  unwatering  box.     Spigot  to  (24) ;  overflow  (if  any)  to  (38). 

14.  Prom  (8).  One  No.  1  jig.  3-8ieve  Harz  jig.  1st  and  2d  discharges  prob- 
ably to  (39) ;  3d  probably  to  (20) ;  1st  and  2d  hutches  to  (39) ;  ad  to  (20) ;  tail- 
ings to  (16). 

16.  No.  1  unwatering  sieve  of  10-mesh  wire  cloth.  Oversize  to  (25) ;  under- 
size  (water)  to  (38). 

16.  From  (9).  Two  No.  2  jigs.  3-sieve  Harz  jigs.  1st  and  2d  discharges 
probably  to  (39) ;  3d  probably  to  (20) ;  1st  and  2d  hutches  to  (39) ;  3d  to  (20) ; 
tailings  to  (17). 

17.  No.  2  unwatering  sieve  of  16-mesh  wire  cloth.  Oversize  to  (25) ;  under- 
size  (water)  to  (38). 

18.  From  (10).  Two  No.  3  jigs.  3-sieve  Harz  jigs.  1st  and  2d  hutches  to 
(39)  ;  3d  to  (20) ;  tailings  to  (19). 

19.  No.  3  unwatering  deve.     Oversize  to  (25) ;  undersize  (water)  to  (38). 

20.  From  (14r),  (16),  (18),  (28).  A  cleaning  jig  run  intermittently  on  the 
different  materials.     Concentrates  to  (39)  ;  tailings  to  (25). 

21.  From  (11).  One  No.  1  double  Gilpin  County  concentrator.  Heads  to 
(39);  tailings  to  (22). 

22.  One  No.  2  double  Gilpin  County  concentrator  having  an  inclined  40-meph 
screen  attached  to  and  bumping  with  the  table.  Oversize  of  screen  to  (25)  ; 
undersize  to  the  table;  heads  of  table  to  (39)  ;  tailings  to  (40). 

23.  From  (12).     One  4-foot  Frue  vanner.     Heads  to  (39) ;  tailings  to  (40). 

24.  From  (13),  (36).  One  convex  revolving  slime  table.  Heads  to  (39)  ; 
middlings  returned  to  the  table ;  tailings  to  (40) . 

25.  From  (15),  (17),  (19),  (20),  (22),  (28).  One  No.  2  bucket  elevator. 
To  (26). 

26.  One  5-foot  Huntington  mill  using  screen  with  0.43  X  9.5-mm.  slots.*  To 
(27). 

27.  One  No.  5  trommel  with  0.88-mm.  square  holes.  Oversize  to  (28) ;  under- 
size to  (29). 

28.  From  (27),  (35).  One  No.  4  jig.  3-sieve  Harz  jig.  1st  hutch  to 
(39) ;  2d  to  (20) ;  3d  to  (25)  ;  tailings  to  (40). 

29.  From  (27).  Two  amalgamated  plates  in  series.  Pulp  to  (30);  amal- 
gam removed  periodically  and  retorted. 

30.  One  No.  1  mercury  trap.  Pulp  to  (31) ;  heavy  sand  and  amalgam  re- 
moved periodically  and  the  amalgam  panned  out  and  retorted. 

31.  One  No.  3  hvdraulic  classifier  with  three  spigots.  1st  spigot  to  (32)  ;  2d 
to  (33)  ;  3d  to  (34)  ;  overflow  to  (37). 

32.  One  No.  3  double  Gilpin  County  concentrator.  Heads  to  (39) ;  tailings 
to  (35). 

33.  From  (31).  One  No.  4  double  Gilpin  County  concentrator.  Heads  to 
(39)  ;  tailings  to  (40). 

34.  From  (31).  One  No.  5  double  Gilpin  County  concentrator.  Heads  to 
(39);  tailings  to  (36). 

35.  From  (32).  One  No.  6  double  Gilpin  County  Concentrator.  Heads  to 
(28);  tailings  to  (40). 

36.  From  (34).  An  endless  canvas  belt  table.  Heads  to  (24);  tailings 
to  (40). 

37.  From  (31).  A  fixod  canvas  table.  6  X  10  fM.  Heads  to  (39) ;  tailings 
to  (40). 

*  X/ftter  cbAn^ed  to  0.55 x  ll.S-inm  glots. 
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38.  From  (13),  (15),  (17),  (19).  Settling  tank.  Settlings  removed  perio.3- 
ically  to  (40) ;  water  to  mill  supply  pump  to  be  used  over  again. 

39.  From  (14),  (16),  (18),  (20),  (21),  (22),  (23),  (24),  (28),  (32),  (33), 
(34),  (37).  The  concentrates  are  all  wheeled  to  the  loading  floor  and  weighed 
in  barrows  before  putting  into  care. 

40.  From  (22),  (23),  (24),  (28),  (33),  (35),  (36),  (37),  (38).  Tailings 
launder  to  waste. 

The  labor  required  is  ten  men  per  24  houre,  divided  into  two  shifts:  1  day 
foreman,  1  day  and  1  night  engineer  who  also  fire  the  boilers,  attend  the  pump 
and  weigh  the  incoming  ore  wagons,  1  day  and  1  night  feeder  at  the  breaker, 
1  dtiy  and  1  night  jig  man  who  attend  the  trommel,  jigs  and  cleaning  jig,  1  day 
and  1  night  vanner  man  who  attend  the  Huntington  mill,  plates,  concentrators, 
vanner,  slime  table  and  classifiers,  1  day  laborer  who  loads  and  weighs  eon- 
eontrates  and  unloads  coal.  Wages  vary  from  $2.50  for  laborers  p?r  day  to 
$3  for  mechanics.  Board  cost*  $22  per  month,  coal  $3.25  per  ton  and  wood 
$4.50  per  cord. 

The  power  is  derived  from  two  fire  tube  boilere  54  inches  diameter,  16  feet 
long,  with  48  tubes  3J  inches  diameter,  running  under  a  pressure  of  60  pounds 
per  square  inch  and  burning  3  tons  of  coal  per  24  hours;  and  a  Corliss  en<rine 
with  cylinder  14  X  42  inches,  cutting  off  at  |  stroke  and  making  69  revolutions 
per  minute. 

Water  is  obtained  from  a  creek  and  is  first  settled  in  settling  tanks  and 
then  lifted  50  feet  to  a  supply  tank  by  a  No.  7  pulsometer  pump.  This  pump 
also  receives  some  water  from  the  settling  tank  (38). 

The  ore  assays  0.20  to  0.40  ounce  gold  and  1^  to  5  ounces  silver  per  ton,  a 
trace  of  copper  and  a  variable  amount  of  lead,  sometimes  as  high  as  2%  ;  the 
concentrates  assay  from  0.50  to  1.50  ounces  gold  and  2J  to  12  ounces  silver 
per  ton;  the  tailings  contain  0.02  to  0.06  ounce  gold  and  0.06  to  1.2  ounces 
silver  per  ton.  The  bullion  is  650  fine  in  gold  and  300  fine  in  silver.  The 
ores  are  extremely  variable,  but  on  an  average  100  tons  of  ore  yield  about  20 
tons  of  coarse  concentrates  from  the  jigs,  10  tons  of  fine  concentrates  and  70 
fons  of  tailings.  The  mill  saves  from  90  to  93%  of  the  gold  and  from  75 
to  85%  of  the  silver.     The  loss  of  mercury  is  0.075  ounce  per  ton  of  ore. 

In  this  mill  amalgamated  plates  were  formerly  used  after  the  Gilpin  County 
concentrator  (22),  the  vanner  (23),  and  the  slime  table  (24),  but  they  were  given 
up  as  useless.  Formerly  also  the  pulp  from  the  Huntington  mill  (26)  first 
went  over  concentratore  and  then  to  amalgamated  plates,  but  the  plates  were 
found  not  to  catch  anything,  no  quicksilver  being  fed  to  the  Huntineton  mill. 
The  gold  which  the  plates  might  have  caught  probably  stayed  back  in  the  heads 
^5aved  on  the  concentrators.  The  present  arrangement  gives  the  plates  a  chance 
to  save  what  gold  they  can  from  the  pulp  before  it  goes  to  the  concentrators. 
The  mill  has  recently  installed  a  second  Huntington  mill  doing  the  same  work 
as  the  first. 

§  766.  Mill  No.  87.  North  Star  on  Sultan  Mill,  Silverton  Mtnivo 
Company,  Silverton,  Colorado. — Capacity  125  tons  of  concentrating  ore  per 
24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  ore  consists 
of  the  economic  minerals  native  gold,  pyrite,  chalcopyrite,  galena,  tetrahedrite, 
bornite  and  stibnite,  and  a  gangue  of  quartz,  calcite,  rhodochrosite  and  barite. 
The  problem  is  to  save  the  gold,  silver,  copper  and  lead.  The  ore  is  sorted 
in  the  mine  into  three  classes:  {a)  gmelting  ore.  (ft)  concentrating  ore,  and 
ic)  waste;  (a)  and  (&)  are  hoisted  separately  and  brought  in  cars  and  dumpe<l 
upon  (1 )  ;  (c)  goes  to  the  waste  dump. 

1.  Receiving  floor  8  feet  wide  and  50  feet  long,  of  which  about  15  feet  arf 
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used  for  smelting  ore  going  to  (2)  and  35  feet  are  used  for  concentrating  ore 
going  to  (7). 

Sampling  Department. 

2.  One  Blake  breaker,  8  X  12  inches,  crushing  to  1^  inches.     To  (3). 

3.  From  (2)  and  (4).    One  pair  of  rolls,  36  X  14  inches,  set  i  inch  apart. 
By  bucket  elevator  to  (4). 

4.  A  trommel  with  2-mesh  square  holes.     Oversize  to  (3) ;  undersize  to  (5). 
5-  A  Yezin  sampler.     Sample  to  (6) ;  remainder  to  cars  to  smelter. 

6.  The  sample  is  further  crushed  and  quartered  down  to  obtain  three  assay  sam- 
ples, one  each  for  mill,  smelter,  and  umpire. 

Concentrating  Department. 

7.  From  (1).  One  No.  1  Blake  breaker,  9  X  15  inches,  crushing  to  IJ  inches. 
To  (8). 

8.  A  bin  8  feet  long,  6  feet  wide  and  6  feet  deep  in  front,  with  bottom  sloping 
45**.     By  chute  through  a  Hendy  feeder  to  (9). 

9.  One  pair  of  No.  1  rolls,  36  X  14  inches,  set  J  inch  apart.     To  (10). 

10.  From  (9)  and  (12).     One  No.  1  bucket  elevator  to  (11). 

11.  One  No.  1  trommel  with  4-mesh  and  3-mesh  square  holes.  Oversize  to 
(12) ;  undersize  to  (13). 

12.  One  pair  of  No.  2  rolls,  36  X  14  inches,  set  close  together.     To  (10). 

13.  From  (11).  One  No.  2  trommel  with  6-mesh  square  holes.  Oversize  to 
(17)  ;  undersize  to  (14). 

14.  One  No.  3  trommel  with  8-mesh  square  holes.  Oversize  to  (18) ;  under- 
size to  (15). 

15.  One  No.  4  trommel  with  12-mesh  square  holes.  Oversize  to  (19) ;  under- 
size to  (16). 

16.  One  No.  1  hydraulic  classifier  with  three  spigots.  Bottom  spigot  to 
(20)  ;  two  upper  spigots  to  (21) ;  overflow  to  (27). 

17.  From  (13).  Two  No.  1  jigs.  3-sieve  Harz  jigs.  Discharges  and  hutches 
to  (28) ;  tailings  to  (22). 

18.  From  (14).  Two  No.  2  jigs.  3-sieve  Harz  jigs.  Hutches  to  (28) ;  tail- 
ings to  (22). 

19.  From  (15).     One  No.  3  jig.     3-sieve  Harz  jig.     Products  like  (18). 

20.  From  (16).     One  No.  4  jig.     3-sieve  Harz  jig.     Products  like  (18). 

21.  From  (16).     Two  No.  5  jigs.     3-sievTe  Harz  jigs.     Products  like  (18). 

22.  From  (17),  (18),  (19),  (20),  (21).  No.  1  unwatering  box.  Settlings 
shoveled  to  (23)  ;  overflow  used  as  feed  water  to  (23). 

23.  Twenty  gravity  stamps  arranged  in  four  batteries,  using  screens  with  24 
or  30-mesh  square  holes,  and  having  no  mercury  fed  to  the  mortar.  Pulp  to 
(24)  if  it  contains  free  gold  or  to  (25)  if  it  does  not.  Mortars  cleaned  out 
monthly  to  remove  scraps  of  iron  to  waste. 

24.  Four  amalgamated  plates.  Pulp  to  (25) ;  amalgam  removed  fortnightly 
and  retorted. 

25.  From  (23)  or  (24).  Two  No.  2  hydraulic  classifiers,  each  with  one 
spigot.     Spigots  to  (26) ;  overflow  to  (27). 

26.  Two  No.  6  jigs.     4-sieve  Harz  jigs.     Hutches  to  (28)  ;  tailings  to  (29). 

27.  From  (16)  and  (25).  Four  7-belt  Woodbury  vanners.  Heads  to  (28)  ; 
tailings  to  (29). 

28.  From  (17),  (18).  (19),  (20),  (21),  (26),  (27).  Concentrates  are  caught 
in  boxes  below  the  machines,  shoveled  out  to  barrows,  wheeled  to  bin  and  shov- 
eled into  railroad  cars  to  go  to  smelter. 

29.  From  (26)  and  (27).     Tailings  launder  to  waste. 
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Water  power  is  used.  One  SO-horse  power  Leffel  wheel,  running  under  56 
feet  head,  drives  the  breaker,  rolls  and  stamps.  One  35-horse  power  Leffel  wheel 
with  a  governor  runs  the  trommels,  jigs,  vanners  and  dynamo. 

The  water  for  washing  runs  into  the  mill,  no  pumping  being  needed. 

Shipping  ore  from  some  portions  of  the  mine  is  rich  in  lead  and  from  other? 
is  rich  in  copper ;  analyses  are  as  follows : 


Oimoes  Gold 
per  Ton. 

Ounces  Silver 
per  Ton. 

Lead. 

% 

Oopwr. 

Lead  ore 

0.26 
0.18 
0.80 
1.88 

40.6 
48 
84.8 
(18.1 

84.8 
88 
8 
11 

8 

4.16 
11. « 

8.« 

Lead  ore 

Copper  ore. .  • 

Copper  ore 

The  concentrating  ore  is  worth  from  $10  to  $20  per  ton  in  gold,  silver,  copper 
and  lead.  The  concentrates  assay  0.5  to  1.5  ounces  gold  and  20  to  30  ounces 
silver  per  ton,  5%  copper  and  20%  lead.  The  tailings  assay  a  trace  of  gold,  2 
ounces  silver,  0.5%  copper  and  2  to  3%  lead,  the  maximum  value  of  the  tailing? 
being  $2.50  per  ton.  One  hundred  tons  of  ore  yield  25  tons  of  concentrates  and 
75  tons  of  tailings.     The  mill  saves  about  85%  of  the  values. 

N^otice  in  this  mill  that  although  concentrates  are  saved  as  coarse  as  4 
mesh,  yet  no  tailings  are  allowed  to  go  to  waste  that  are  coarser  than  24  or  30 
mesh. 

§  767.  Mill  No.  88.  Victoria  Mill,  Silverton,  Colorado. — Capacity  75 
tons  per  24  hours.  The  mill  runs  24  hours  per  day,  7  days  per  week.  The  ore 
consists  of  the  economic  minerals  galena,  chalcopyrite,  pyrite  and  tetrahedrite,  in 
both  coarse  and  fine  crystallization,  and  a  gangue  of  quartz  and'  ''porphyry" 
(quartz  andesite).  The  problem  is  to  save  the  gold,  silver,  lead  and  copper. 
The  ore  is  brought  down  an  automatic  incline  in  end  dumping  cars  and  dun^jed 
upon  (1). 

1.  Receiving  floor,  15  X  25  feet.     By  shovel  to  (2). 

2.  One  No.  1  Blake  breaker,  7  X  12  inches,  crushing  to  1^  inches.     To  (3). 

3.  One  pair  of  No.  1  rolls,  27  X  14  inches,  set  J  inch  apart.     To  (4). 

4.  From  (3)  and  (6).     One  No.  1  bucket  elevator,  to  (5). 

5.  One  No.  1  trommel  with  3-mesh  square  holes.  Oversize  to  (6)  ;  undersize 
to  (7). 

6.  One  pair  of  No.  2  rolls,  27  X  14  inches,  set  close  together.     To  (4). 

7.  From  (5).  One  No.  2  trommel  with  6-mesh  and  4-mesh  square  holes. 
Oversize  to  (11) ;  undersize  to  (8). 

8.  One  No.  3  trommel  with  10-mesh  square  holes, 
size  to  (9). 

9.  One  No.  1  hydraulic  classifier  with  two  spigots. 
(14) ;  overflow  to  (10). 

10.  One  No.  2  hydraulic  classifier  with  one  spigot, 
as  feed  water  to  (17). 

4-sieve  Harz  jig. 


One  No.  1  jig. 

Two  No.  2  jigs. 
One  No.  3  jig. 

One  No.  4  jig. 
One  No.  5  ji^. 


Oversize  to  (12) ;  under- 
Ist  spigot  to  (13)  ;  2d  to 
Spigot  to  (15)  ;  overflow 
Hutches  to  (26)  ;  tailing? 


4-sieve  Harz  jigs. 
4-sieve  Harz  jig. 


Products  like  (11). 
Hutches  to  (26)  ;  tailings 


11.  From  (7). 
to  (16). 

12.  From  (8). 

13.  From  (9). 
to  (17). 

14.  From  (9). 

15.  From  (10). 

16.  From   (11)    and    (12).     Unwatering  box.     Settlings  shoveled  to   (17) : 
overflow  to  (27). 

17.  From   (10),  (13),  (14),  (15),  (16).     Twenty  gravity  stamps  arranffpd 
in  four  batteries,  using  screens  with  slots  0.64  mm.  wide  and  having  mercury  fed 


3-sieve  Harz  jig.     Products  like  (13). 
3-Rieve  Harz  jig.     Products  like  (13). 
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to  the  mortar.  Pulp  to  (18)  ;  at  periodical  clean  up  amalgam  to  be  retorted, 
coarse  sand  to  be  put  back,  and  scrap  iron  to  waste. 

18.  Four  amalgamated  plates.  Pulp  to  (19) ;  at  periodical  clean  up  amalgam 
to  be  retorted. 

19.  Four  No.  1  mercury  traps.  Pulp  from  two  traps  to  (20)  and  from  other 
two  traps  to  (22) ;  heavy  sand  and  amalgam  removed  periodically  to  (25). 

20.  Two  No.  2  mercury  traps.  Pulp  to  (21) ;  heavy  sand  and  amalgam  re- 
moved periodiottlly  to  (25). 

21.  Two  double  Gilpin  County  concentrators.  Heads  to  (26) ;  tailings  to 
(27). 

22.  From  (19).  One  No.  3  hydraulic  classifier  with  one  spigot.  Spigot  to 
(23);  overflow  to  (24). 

23.  One  No.  6  jig.     3-sieve  Harz  jig.     Hutches  to  (26) ;  tailings  to  (27). 

24.  From  (22).  One  7-belt  Woodbury  vanner.  Heads  to  (26) ;  tailings  to 
(27). 

25.  From  (19),  (20).  Clean  up  room  with  clean  up  pan,  panning  sinks,  hand 
pans,  mortars,  etc.  Amalgam  to  be  retorted;  mercury  to  be  used  over  in  the 
mill;  concentrates  to  (26) ;  coarse  sand  back  to  (17) ;  scrap  iron  to  waste. 

26.  From  (11),  (12),  (13),  (14),  (15),  (21),  (23),  (24),  (25).  Concen- 
trates bins.     By  wagon  and  railroad  to  smelter. 

27.  From  (16),  (21),  (23),  (24).     Tailings  launder  to  waste. 

Water  is  brought  by  a  flume.  A  belt  driven  pump  with  two  plungers  8X8 
inches,  making  37^  strokes  per  minute,  lifts  part  of  the  water  from  the  flume 
back  of  the  jig  floor  to  a  tank  7  feet  above  the  trommel  floor.  Power  is  furnished 
by  a  Leffel  turbine  wheel.     One  hundted  tons  of  ore  yield  30  tons  of  concentrates. 

This  mill  has  recently  been  enlarged  and  remodelled.  Wilfley  tables  are  used 
and  no  vanners. 

{v)    MILLS   USING  MAGNETISM   AS  THE   CHIEF   OR  ONLY  MEANS   OF   SEPARATING 
THE  VALUABLE   MINERALS   FROM   THE  WASTE. 

§  768.  This  group  includes  Mills  89  to  91  inclusive  and  the  Joseph  Wharton 
and  Witherbee  Sherman  mills.  Mill  89  uses  breaker,  drier,  breakers,  rolls  and 
magnets,  and  auxiliary  rolls  on  middlings  which  go  back  into  the  system.     Mill 

90  uses  breaker,  rolls,  magnets,  and  sends  middlings  back  into  the  system.     Mill 

91  uses  several  grades  of  rolls  followed  by  drier,  fine  rolls  and  magnets ;  the  con- 
centrates go  to  a  second  drier,  finest  rolls,  magnets  and  air  blast.  The  Joseph 
Wharton  mill  has  breaker,  rolls  and  magnets ;  the  middlings  are  recrushed  and 
sent  back  into  the  system.  The  Witherbee  Sherman  mill  uses  breaker,  drier, 
rolls  and  magnets;  middlings  are  re-treated  by  rolls  and  magnets;  tailings  are 
worked  for  apatite. 

Magnetic  concentration  possesses  all  the  advantages  of  economy  which  are 
held  by  any  concentration  with  the  addition  that  it  can  be  done  dry  and  it  is 
independent  of  gravity. 

The  disadvantages  of  magnetic  concentration  are  that  the  fine  crushing 
required  before  separation  is  costly,  the  concentration  of  the  fine  dust  produced  is 
difficult,  and^he  fine  iron  concentrates  are  of  a  low  value  per  ton  compared  to 
other  metals,  and,  when  fine,  are  not  favored  by  furnace  men  as  they  are  blown 
out  of  the  blast  furnace.  There  is  to  be  considered  also  the  cost  of  drying  the 
ore  before  concentration  and  in  general  of  roasting  it  where  it  is  not  already  mag- 
netic, and  also  the  losses  which  take  place  in  concentration. 

The  use  of  fine  concentrates  has  been  the  subject  of  much  discussion  and  some 
furnace  men  claim  that  while  fine  ore  may  pive  trouble,  tesi<?  show  that  the  same 
difficulty  does  not  exist  with  fine  high-grade  concentrates.     Others  claim  that 
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tests  show  that  fine  concentrates  cannot  be  run  unless  they  are  mixed  in  with 
coarser  material.  Briquetting  has  been  used  to  some  extent  to  obviate  this  but 
it  adds  another  item  to  the  expense  and  the  briquettes  have  not  always  6ucee^>- 
fully  stood  the  blast  furnace  treatment  owing  to  failure  of  the  cementing  material. 
A  run  with  the  briquettes  made  in  Mill  91  was  very  successful.  Blast  furnace 
men  have  solved  the  problem  for  ore  and  are  now  running  regular  furnace  charges 
of  Lake  Superior  ore  which  is  all  below  8  mesh  in  size. 

Fine  crushing  is  necessary  since  either  the  iron  ore  or  the  impwity  to  be  elim- 
inated is,  in  the  majority  of  cases,  finely  disseminated.  (Jeneraily  where  mag- 
netite has  been  separated  the  gangue  was  very  hard  and  as  a  rule  the  more  finely 
the  ore  grains  were  disseminated  the  harder  the  rock,  so  that  the  crushing  was  no 
small  item  of  expense. 

The  disadvantage  of  drying  the  ore  has  been  overcome  in  some  cases  by  the  use 
of  separators  which  treat  it  wet.  Some  authorities  claim  that  this  wet  treatment 
not  only  saves  drying  but  it  also  reduces  wear,  prevents  dust  and  produces  under 
the  same  circumstances  purer  concentrates  than  is  possible  dry.  Others  claim 
that  the  dry  method  does  better  work,  that  there  is  no  trouble  from  freezing  of 
water  in  winter,  and  that  dry  ore  is  more  easily  sized  into  the  fine  sizes,  which 
make  a  much  better  magnetic  separation  than  unsized  stuff. 

The  loss  in  the  tailings  has  been  one  of  the  greatest  drawbacks  to  magnetic  con- 
centration. In  instances  that  have  been  given  of  the  work  of  the  various  sep- 
arators it  has  been  no  unusual  thing  for  the  tailings  to  contain  as  high  as  10%  or 
even  15%  of  iron,  depending  upon  the  richness  of  the  concentrates.  This  los5 
may  in  some  cases  be  due  to  imperfections  in  the  magnetic  separator,  but  there 
are  separators  which  when  properly  fed  and  cared  for  will  do  their  work  satis- 
factorily. The  most  of  the  loss  is  of  iron  that  is  in  included  grains  or  that  is 
not  sutficiently  magnetic  to  go  with  the  concentrates.  Thus  in  concentrating 
magnetite,  any  hematite  or  limonite  goes  with  the  tailings.  Various  other  min- 
erals, sucli  as  hornblende,  contain  iron  which  is  carried  into  the  tailings.  Where 
roasting  is  practiced,  particles  which  have  failed  to  be  changed  go  into  the  tail- 
ings. Of  these  losses  that  due  to  included  grains  might  be  lessened  by  recrush- 
ing,  but  this  cannot  be  economically  done  in  every  case  since  the  process  will  not 
pay  for  recrushing  of  middlings  and  finer  crushing  at  first  causes  greater  ex- 
pense and  possibly  more  loss  in  slimes  or  dust. 

Magnetic  concentration  at  the  present  day  has  only  a  limited  application. 
For  ores  that  contain  no  other  valuable  mineral  besides  iron,  its  cost  limits  its 
use.  The  opening  up  of  large  iron  ore  deposits  of  Lake  Superior  which  are  so 
extensive,  so  rich,  and  so  easily  worked  has  caused  the  price  of  iron  ores  to  sink 
so  low  that  many  of  those  which  have  to  be  concentrated  magnetically  cannot 
compete.  As  a  consequence  some  of  the  plants  which  were  treating  magnetite 
in  New  York  and  New  Jersey  five  or  ten  years  ago  have  been  obliged  to  suspend 
operations.  Whether  the  field  for  magnetic  concentration  will  be  increased 
when  those  deposits  at  Lake  Superior  are  exhausted  is  one  of  the  questions  of  the 
future.  There  are  always  liable  to  arise  peculiar  circumstances  which  will  make 
magnetic  treatment  desirable. 

The  particular  process  to  be  used  in  any  case  will  vary  with  the  ore.  For 
natural  magnetites  a  plant  like  the  Joseph  Wharton  mill  or  the  Witherbee 
Sherman  mill  may  be  successful.  For  hematites  and  limonites  the  Wetherill 
process  would  seem  to  commend  itself  as  having  the  advantage  of  simplicity  and 
of  being  cheaper  than  the  roasting  process,  but  the  results  so  far  obtained  on  iron 
ores  are  merely  short  tests  and  no  working  plants  have  been  erected  with  which 
to  prove  its  efficiency  for  iron  ores  when  working  on  a  commercial  scale.  The 
roasting  process  to  reduce  hematites  and  limonites  to  magnetic  oxide  has  already 
shown  its  applicability,  and  it  may  be  used  in  case  the  Wetherill  process  does  not 
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give  satisfactory  results,  although  it  costs  more  and  is  hard  to  control.  On 
some  ores,  for  example  certain  pyrite  and  blende  ores,  the  roasting  process  has 
to  be  used. 

For  ores  which  contain  other  valuable  minerals  beside  iron,  magnetic  con- 
centration has  its  greatest  application  to-day,  since  in  this  case  the  value  of  the 
other  minerals  helps  make  the  operation  a  commercial  success. 

§  769.  Mill  No.  89.  Hartzell  Concenthating  Company,  Alburtis,  Penn- 
SYLVANL^ — Capacity  125  tons  in  10  hours.  The  mill  runs  10  hours  per  day,  6 
days  per  week.  The  ore  consists  of  the  economic  mineral  magnetite,  mostly  in 
disseminated  grains  of  \  inch  diameter  or  less,  and  a  siliceous  gangue  with  no 
phosphorus  or  sulphur.  The  problem  is  to  get  a  high  grade  of  iron  ore  with  the 
least  possible  loss.  The  ore  is  brought  from  the  mine  in  cars,  each  holding  one 
ton,  and  dumped  upon  (1). 

1.  A  receiving  floor  30  feet  long  and  15  feet  wide.     By  shovel  to  (2). 

2.  One  No.  1  Blake  breaker,  made  by  Brennan  &  Young,  12  X  24  inches, 
crushing  to  2  inches.     To  (3). 

3.  A  revolving  drier.     To  (4). 

4.  One  No.  2  Blake  breaker,  made  by  Brennan  &  Young,  12  X  24  inches, 
crushing  to  1  inch.     To  (5). 

5.  Two  No.  3  Blake  breakers,  9  X  17  inches,  crushing  to  }  inch.  By  No.  1 
bucket  elevator  to  (  6 ) . 

6.  One  No.  1  trommel  with  25-mm.  round  holes.  Oversize  to  (7) ;  undersizc 
to  (8). 

7.  One  No.  4  breaker,  a  Lowry  breaker,  crushing  to  J  inch.     To  (8). 

8.  From  (6)  and  (7).  One  pair  of  No.  1  rolls,  30  X  18  inches,  set  close  to- 
gotlior.     To  (9). 

9.  From  (8),  (11)  and  (14).     One  No.  2  bucket  elevator,  to  (10). 

10.  Four  No.  2  trommels  with  2.1-mm.  round  holes.  Oversize  to  (11) ;  unclcr- 
size  to  (12). 

11.  Two  pairs  of  No.  2  rolls,  30  X  18  inches,  set  close  together.     To  (9). 

12.  From  (10).  A  bin  with  hopper  bottom,  holding  50  tons.  By  gate  and 
chute  to  (13). 

13.  One  Ball  Norton  magnetic  separator.  Heads  by  belt  conveyor  to  car  to  go 
to  blast  furnace ;  middlings  to  (14) ;  tailings  by  belt  conveyor  to  waste  dump. 

14.  One  pair  of  No.  3  rolls,  30  X  18  inches,  set  close  together.     To  (9). 
Power  is  furnished  by  three  steam  engines.     One  engine  of  125  horse  power 

runs  the  breakers;  one  engine  of  125  horse  power  runs  the  rolls,  elevators,  convey- 
ors, and  suction  fans ;  one  engine  of  25  horse  power  runs  the  dynamo.  There  are 
two  suction  fans,  one  for  the  magnetic  separator  and  one  for  the  trommels  and 
crushing  machines,  all  of  the  apparatus  after  the  drier  (3)  being  housed  in  and 
attached  to  the  fans  for  the  removal  of  the  dust.  The  dynamo  is  a  5,000-watt 
Thomson  Houston  of  the  low  tension  direct  current  type  running  with  110  volts 
and  making  2,000  revolutions  per  minute. 

The  ore  contains  30%  iron  (Fe) ;  the  concentrates  contain  65.5%  iron;  the 
tailings  contain  2\  to  3%  iron.  One  hundred  tons  of  ore  yield  35  tons  of  con- 
centrates and  65  tons  of  tailings. 

The  noticeable  feature  in  this  mill  is  the  graded  crushing  without  intermediate 
screening.  There  are  six  reductions  in  crushing*  the  ore  from  mine  size  down  to 
2.1  mm. 

§  770.  Mill  No.  90.  New  Jersey  Iron  Mining  Company,  Port  Oram. 
New  Jersey. — The  mill  runs  10  hours  per  flay,  6  days  per  week.  The  ore  con- 
sists of  the  economic  mineral  magnetite  in  strings  or  grains  and  a  gangue  of 
quartz  with  some  finely  disseminated  apatite.  The  problem  is  to  save  the  iron 
and  eliminate  the  gangue,  especially  the  phosphorus.     Only  lump  ore  larger  than 
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one-inch  cube  is  used  as  this  saves  the  cost  of  drying.  The  ore  is  brought  in 
cars  holding  4,000  pounds,  dumped  upon  a  pUitforui  10  foot  s<]uare,  and  shovel«»«i 
to  (1). 

1.  One  No.  1  Buchanan  breaker,  9  X  15  inches,  crushing  to  1^  inches.     To  {'l\. 

2.  One  No.  1  trommel  with  19-mm.  round  holes.  Oveisize  to  (3)  ;  undersize 
to  (4). 

3.  One  No.  2  breaker,  a  Buchanan  granulator,  3  X  30  inches,  crashing  to  } 
inch.     To  (4). 

4.  From  (2)  and  (3).     A  belt  conveyor,  to  (5). 

5.  From  (4)  and  (7).  One  pair  of  No.  1  rolls,  24  X  14  inches,  set  ^  to  f  inch 
apart.     To  (0). 

6.  From  (5)  and  (8).  One  pair  of  No.  2  rolls,  18  X  12  inches,  set  close  to- 
gether.    By  No.  1  bucket  elevator  to  (7). 

7.  One  No.  2  trommel  on  which  the  screens  are  changed  to  suit  different  ores. 
The  holes  vary  from  20-mesh  square  holes  to  6.4-mm.  round  holes.  Oversize  to 
(5) ;  undersize  to  (8). 

8.  A  modified  Buchanan  magnetic  separator.  Heads  to  blast  furnace;  tail- 
ings partly  to  (6)  and  partly  to  waste  dump. 

The  labor  required  is  4  men  per  10  hours:  1  foreman,  1  breaker  man,  and  2 
trommel  men.  Wages  vary  from  $1.10  to  $1.25  per  day.  Board  costs  $17  per 
month,  coal  is  $2  per  ton  and  wood  is  $3.25  per  cord. 

Power  is  furnished  by  two  steam  engines ;  one  75  horse  power  engine  drives  the 
breakers  and  trommels,  and  one  10  horse  power  engine  drives  the  dynamo. 

The  ore  contains  about  25%  iron  (Fe)  and  1%  phosphorus  (P) ;  the  concen- 
trates contain  about  61%  iron  and  from  0.3%  phosphorus  down  to  the  Bessemer 
limit  (about  0.045%) ;  the  tailings  contain  11  to  17%  iron. 

§  771.  Mill  No.  91.  Edison  Magnetic  Concentrating  Plant,  New  Jkb- 
SEY  AND  Pennsylvania  Concentrating  Company,  Edison,  New  Jersey. — 
Capacity  4,000  tons  in  20  hours.*  This  mill  was  intended  to  run  20  hours  per 
day,  6  days  per  week.  The  ore  consists  of  the  economic  mineral  magnetite  and  a 
gangue  of  feldspar  with  a  little  quartz  and  apatite.  The  problem  is  to  save  the 
iron  as  free  from  phosphorus  as  possible.  The  ore  is  mined  in  an  open  quarry 
and  contains  lumps  weighing  up  to  6  tons  each.  It  is  loaded  by  steam  shovel 
upon  skips  holding  6^  tons  each,  which  are  hauled  to  the  mill  on  cars  by  loco- 
motive. The  skips,  which  are  of  the  open  flat  form  used  in  quarry  work  and  are 
suspended  by  two  chains  and  hooks  at  the  front  end  and  one  chain  and  hook  in 
the  rear,  are  lifted  at  the  mill  by  two  electric  travelling  cranes  and  then  by 
unhooking  the  two  front  hooks  they  are  dumped  to  (1). 

Coarse  Crushing  House. 

1.  One  No.  1  roller  feeder,  3  feet  diameter  and  6  feet  long.  To  hopper  6  feet 
square  and  thence  to  (2). 

2.  One  pair  of  No.  1  or  giant  rolls,  72  X  72  inches,  set  14  inches  apart  To 
(3). 

3.  One  pair  of  No.  2  or  intermediate  rolls,  48  X  60  inches,  set  7  inches  apart. 
By  No.  1  bucket  elevator  to  (4). 

4.  One  pair  of  No.  3  or  first  corrugated  rolls,  36  X  36  inches,  set  3J  inches 
apart.    To  (5). 

5.  One  pair  of  No.  4  or  second  corrugated  rolls,  36  X  36  inches,  set  IJ  inches 
apart.     To  (6). 

6.  One  pair  of  No.  6  or  third  corrugated  rolls,  24  X  20  inches,  set  |  inch  apart. 
By  No.  1  belt  conveyor  and  thence  by  No.  2  bucket  elevator  to  (7). 

*  It  bas  run  as  hf^h  as  90O  tons  per  hour. 
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7.  Three  No.  1  fixed  screens  in  series,  the  upper  one  having  37  X  76-mm.  slots 
and  the  middle  and  lower  ones  having  32  X  64:-mm.  slots.  Oversize  (bolts,  roots, 
hammer  heads,  etc.)  to  dump;  undersize  to  (8). 

8.  One  No.  1  drier  in  the  form  of  a  drying  kiln  with  a  distributor  at  the  top. 
By  No.  2  belt  conveyor  and  thence  by  No.  3  bucket  elevator  followed'  by  No.  3 
Edison  distributing  conveyor  to  (9). 

9.  No.  1  stock  house  holding  16,000  tons.    By  No.  4  bucket  conveyor  to  (10). 

Wine  Crushing  and  Separating  House. 

10.  Bin,  holding  25  tons.    By  two  No.  2  corrugated  roller  feeders  to  (11). 

11.  Prom  (10)  and  (12).  Two  sets  of  No.  6  or  three-high  rolls,  36  X  30 
inches,  set  close  together,  but  the  feed  opens  them  to  about  1^  inches.  Only  one 
set  is  run  at  a  time.  The  crushed  ore  is  carried  in  succession  by  two  No.  5  belt 
conveyors,  one  No.  6  bucket  conveyor,  one  No.  5  bucket  elevator,  one  No.  7 
Edison  distributing  conveyor  and  twenty  No.  3  roller  feeders  to  (12). 

12.  Two  hundred  and  forty  No.  2  fixed  inclined  screens  arranged  in  sixty  sets 
with  four  screens  in  series  in  each  set,  having  1.5  X  12.7-mm.  slots.  Oversize  to 
(11) ;  undersize  to  (13). 

13.  Sixty  No.  1  Edison  magnetic  separators.  These  are  12-inch  magnets  and 
are  arranged  in  twenty  sets  with  three  magnets  in  series  in  each  set.  Heads  by 
two  No.  8  belt  conveyors  to  (14) ;  tailings  by  No.  9  belt  conveyor  to  ,(22). 

14.  One  No.  2  drier  in  the  form  of  a  drying  kiln  with  a  distributor  at  the 
top.     To  (15). 

15.  From  (14),  (16)  and  (19).  Two  sets  of  No.  7  or  three-high  rolls,  36  X 
30  inches,  set  close  together  but  the  feed  opens  them  to  about  i  in-ch.  Only  one 
set  is  run  at  a  time.  The  crushed  ore  is  carried  in  succession  by  two  No.  10 
belt  conveyors,  one  No.  11  bucket  conveyor,  one  No.  6  bucket  elevator,  one  No.  1?2 
Edison  distributing  conveyor  and  twenty  No.  4  roller  feeders  to  (16). 

16.  Two  hundred  and  forty  No.  3  fixed  inclined  screens  arranged  in  sixty  set? 
with  four  screens  in  series  in  each  set,  having  0.5  X  12.7-mm.  slots.  Oversize  to 
(15) ;  undersize  to  (17). 

17.  Ninety-six  No.  2  Edison  magnetic  separators.  They  are  8-inch  magnets 
and  they  are  arranged  in  thirty-two  sets  with  three  magnets  in  series  in  each 
set.     Heads  to  (18) ;  tailings  to  (22). 

18.  Eight  dusting  chambers.  Heavy  material  to  (19) ;  light  material  to 
(20). 

19.  Three  hundred  and  twenty  No.  3  Edison  magnetic  separators.  They  are 
4-inch  magnets  and  they  are  arranged  in  sixty-four  sets  with  five  in  series  in  each 
set.  Heads  to  (21) ;  tailings  of  1st  or  upper  magnets  to  (22) ;  tailings  of  2d, 
3d,  4th  and  5th  magnets  to  (15). 

20.  Prom  (18).  One  No.  4  Edison  magnetic  separator.  Heads  to  (21); 
tailings  are  sold  for  paint. 

21.  Prom  (19)  and  (20).  No.  2  and'  No.  3  stock  houses  with  a  total  capacity 
of  35,000  tons.  Prom  these  the  concentrates  pass  in  succession  through  the  mix- 
ers, the  briquetting  machines  and  the  baking  ovens. 

22.  Prom  (13),  (17)  and  (19).  Sand  house.  Tailings  are  here  sized  and 
sold  for  mortar  sand,  etc. 

The  labor  required  for  mining,  milling  and  briquetting  is  311  men  per  24 
hours  divided  into  two  shifts  of  10  hours  each ;  46  men  and  boys  mining  by  day 
and  46  by  night;  24  men  by  day  and  24  by  night  in  the  coarse  crushing  house, 
32  men  by  day  and  32  by  night  in  the  fine  crushing  and'  separating  house^  and  66 
men  by  day  and  41  by  night  doing  general  work. 

Power  is  furnished  by  steauL    A  single  Corliss  engine  of  300  horse  power 
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runs  the  dynamos  for  the  magnets,  for  lighting,  and  for  the  two  electric  cranes 
which  require  50  to  80  horse  power  each.  A  cross  compound  engine  of  700  ho^^e 
power  runs  the  coarse  crushing  plant.  A  triple  expansion  vertical  engine  of 
500  horse  power  runs  the  three-high  rolls,  elevators,  conveyors,  and  fans  of  the 
fine  crushing  and  separating  plant. 

The  ore  contains  about  20%  iron  (Fe)  and  0.70  to  0.80%  phosphorus  (P) ; 
the  heads  of  No.  1  magnets  (13)  contain  40%  iron  and  the  tailings  0.8%  iron; 
the  heads  of  No.  2  magnets  (17)  contain  60%  iron;  the  heads  from  the  dusting 
chambers  (18)  contain  64%  iron;  the  heads  of  No.  3  magnets  (19)  contain  67 
to  68%  iron;  the  mill  tailings  contain  1.12%  iron.  Analysis  of  the  briquettes 
shows  67  to  68%  iron,  2  to  3%  silica  (SiO^),  0.4  to  0.8%  alumina  (AUO,),  0.05 
to  0.10%  manganese,  a  trace  each  of  lime,  magnesia  and  sulphur,  0.028  to  0.033% 
phosphorus,  0.75%  resinous  binder  and  no  moisture.  One  hundred  tons  of  ore 
yield  about  24  tons  of  concentrates  and  76  tons  of  tailings.  The  tailings  of  No. 
1  magnets  (13)  amount  to  55%  of  the  ore  fed  to  the  mill. 

One  especially  noticeable  feature  of  this  mill  is  the  entire  absence  of  graded 
crushing  and  graded  sizing.  This  is  allowable  because  fines  are  not  considered  a 
source  of  loss  in  the  magnetic  separation.  This  mill  contains  so  many  valuable 
ideas  that  the  author  has  thought  it  wise  to  insert  it  here  although  it  has  never 
been  run  except  very  irregularly  in  an  experimental  way.  Mr.  Edison  encoun- 
tered between  the  time  of  the  design  of  the  mill  and  the  time  of  its  completion 
a  drop  in  the  price  of  iron  ore  due  to  the  discovery  of  the  Mesabi  iron  ore  beds  at 
Lake  Superior  and  the  mill  now  has  to  face  the  changed  conditions. 

§  772.  The  Joseph  Wharton  Mining  Company,  Hibernia,  New  Jersey. — 
Capacity  200  tons  in  10  hours.  The  mill  runs  10  hours  per  day,  6  days  per  week. 
The  ore  consists  of  the  economic  mineral  magnetite,  and  a  gangue  of  granite. 
The  problem  is  to  save  the  iron.  The  ore  comes  in  cars  to  the  mill  in  lumps  12 
inches  and  less  in  diameter  and  goes  to  (1). 

1.  Four  No.  1  bins  holding  50  tons  each.  By  chutes  to  skip  which  lifts  to 
(2). 

2.  No.  2  or  supply  bins  holding  600  tons.     By  chutes  to  (3). 

3.  One  No.  1  breaker,  a  Buchanan  breaker,  12  X  24  inches,  crushing  to  2^ 
inches.     By  No.  1  belt  conveyor  to  (4). 

4.  Two  No.  1  trommels  with  IJ-inch  holes.  Oversize  to  (5) ;  undersize  to 
(6). 

5.  Two  No.  2  breakers,  Buchanan  granulators,  6  X  30  inches,  crushing  to  1\ 
inches.     To  (6). 

6.  From  (4)  and  (5).     No.  2  belt  conveyor.     By  No.  1  elevator  to  (7). 

7.  One  grizzly  with  1-inch  spaces.     Oversize  to  (9) ;  undersize  to  (8). 

8.  One  No.  2  trommel  with  J-inch  holes.     Oversize  to  (9) ;  undersize  to  (13>. 

9.  From  (7)  and  (8).  One  pair  of  No.  1  rolls,  36  X  18  inches,  set  i  inch 
apart.     To  (10). 

10.  From  (9)  and  (12).     No.  2  elevator.     To  (11). 

11.  One  No.  3  trommel  with  :i-inch  holes.  Oversize  to  (12) ;  undersize  to  (13). 

12.  One  pair  of  No.  2  rolls,  36  X   18  inches,  set  close  together.     To  (10). 

13.  From  (8),  (11)  and  (15).     No.  3  bin.     By  chute  to  (14). 

14.  One  Ball  Norton  magnetic  separator.  Heads  by  No.  3  conveyor  and  No. 
5  elevator  to  shipping  bins  and  cars ;  middlings  by  No.  3  elevator  to  (15) ;  tailings 
by  No.  4  conveyor  and  No.  6  elevator  either  to  shipping  car  or  to  Ncv  5  and  No.  6 
conveyors  which  deliver  to  waste ;  dust  by  fan  to  dust  chamber  of  which  the  st^t- 
tlings  go  to  No.  4  conveyor. 

15.  One  pair  of  No.  3  rolls,  24  X  16  inches,  set  close  together.  By  No.  4 
elevator  to  (13). 

The  power  used  is  130  horse  power,  divided  up  about  as  follows:  hoisting 
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engine,  10;  No.  1  breaker,  15;  No.  2  breakers,  12;  No.  1  rolls,  10;  No.  2  rolls, 
15;  No.  3  rolls,  10;  screens,  conveyors  and  elevators,  30;  dynamo  and  separator, 
8 ;  mill  friction,  20. 

Crude  ore  from  the  mine  averages  38  to  40%  iron,  0.04%  phosphorus  and  no 
sulphur;  the  concentrates,  63  to  64%  iron  and  0.008%  phosphorus;  the  middlings, 
40%  iron ;  the  tailings,  5  to  6%  iron.  One  hundred  tons  of  ore  yield  40  tons  of 
concentrates,  20  tons  of  middlings  and  40  tons  of  tailings.  The  20  tons  of 
middlings  after  being  recrushed  and  separated  yield  10  tons  of  concentrates  and 
10  tons  of  tailings.     The  mill  saves  81%  of  the  iron. 

§  773.  Old  Bed  Magnetic  Concentrating  Mill  No.  1  of  Witherbee,  Sher- 
man AND  Company,  Mineville,  New  York. — Capacity  500  tons  per  20  hours. 
The  mill  runs  20  hours  per  day,  6  days  per  week.  The  ore  consists  of  the  eco- 
nomic mineral  magnetite  and  a  gangue  of  apatite  and  hornblende.  The  problem 
is  to  make  three  products:  (a)  magnetite  to  blast  furnace,  (h)  apatite  to  be 
sold  as  fertilizer,  and  (c)  hornblende  to  waste.     The  ore  is  brought  in  cars  to  (1). 

1.  A  grizzly  with  2^-inch  spaces.     Oversize  to  (2)  ;  undersize  to  (3). 

2.  One  No.  1  Blake  breaker,  18  X  30  inches.     To  (3). 

3.  From  (1)  and  (2).  No.  1  Robins  belt  conveyor,  20  inches  wide,  sloping  up 
18**.     By  No.  2  Robins  belt  conveyor,  20  inches  wide  and  level,  to  (4). 

4.  Two  sets  of  No.  1  fixed  inclined  screens  with  six  screens  in  series  in  each  set 
and  having  19-mm.  round  holes.     Oversize  to  (5) ;  undersize  to  (6). 

5.  Two  No.  2  breakers.  Gates  fine  breakers,  size  H.     To  (6). 

6.  From  (4)  and  (5).  No.  3  Robins  belt  conveyor,  16  inches  wide  and  sloping 
up  18**.     By  No.  1  bucket  elevator  to  (7). 

7.  A  tower  drier.     By  No.  2  bucket  elevator  to  (8). 

8.  Three  sets  of  No.  2  fixed  inclined  screens  with  six  screens  in  series  in  each  set 
and  having  6-mesh  holes.     Oversize  to  (9) ;  undersize  to  (10). 

9.  One  pair  of  No.  1  rolls,  36  X  14  inches.     To  (10). 

10.  From  (8)  and  (9).  No.  4  Robins  belt  conveyor,  16  inches  wide.  To 
(11). 

11.  From  (10)  and  (16).     No.  3  bucket  elevator,  to  (12). 

12.  Three  sets  of  No.  3  fixed  inelincd  screens  with  six  screens  in  series  in  each 
eet  and  having  30-mesh  holes.     Oversize  to  (13)  ;  undersize  to  (17). 

13.  Three  sets  of  No.  4  fixed  inclined  screens  with  six  screens  in  series  in  each 
set  and  having  16-mesh  holes.     Oversize  to  (14) ;  undersize  to  (17). 

14.  Three  sets  of  No.  5  fixed  inclined  screens  with  six  screens  in  series  in  each 
set  and  having  8-mesh  holes.     Oversize  to  (15) ;  undersize  to  (17). 

15.  Three  sets  of  No.  6  fixed  inclined  screens  with  six  screens  in  series  in  each 
set  and  having  4-mesh  holes.     Oversize  to  (16)  ;  undersize  to  (17). 

16.  One  pair  of  No.  2  rolls,  36  X  14  inches.  By  No.  5  Robins  belt  conveyor,  16 
inches  wide  and  sloping  up  10**,  to  (11). 

17.  Prom  (12),  (13),  (14),  (15).  Four  bins  for  the  four  products  of  the 
screens.     The  bins  deliver  to  (18). 

1 8.  Two  double  Rowand  type  F  magnetic  separators.  Heads  by  No.  6  Robins 
belt  conveyor  and  No.  4  bucket  elevator  to  (24) ;  tailings  by  No.  7  Robins  belt  con- 
vevor  and  No.  5  bucket  elevator  to  (19). 

"19.  From  (18)  and  (21).     One  No.  8  Robins  belt  conveyor,  to  (20). 

20.  One  set  of  No.  7  fixed  inclined  screens  with  six  screens  in  series  and  having 
16-mesh  holes.     Oversize  to  (21)  ;  undersize  to  (22). 

21.  One  pair  of  No.  3  rolls,  30  X  14  inches.     By  No.  6  bucket  elevator  to  (19). 

22.  Prom  (20).  A  Wenstrom  magnetic  separator.  Heads  by  No.  9  Robins 
belt  conveyor  to  (24)  ;  tailings  by  No.  10  Robins  belt  conveyor  to  (23). 

23.  A  Rowand  type  E  magnetic  separator.  Heads  (hornblende)  by  No.  11 
Robins  belt  conveyor  to  waste;  tailings  (  apatite)  to  market. 
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24.  From  (18)  and  (22).     One  No.  12  Bobins  belt  eonvevor  for  concentrate 
To  bin  holding  100  tons. 

The  ore  contains  G0%  iron  and  1.60%  phos^phorus.     The  iron  concentrau^  i- l- 
tain  69%  iron  and  0.48%  phosphorus.     The  tailings  from   the  fir^t  ma;:'/; 
separators  contain   16%   iron.     The  apatite  from   the  last  magnetic  n"^i^m>: 
contains  13%  phosphorus  and  2^  to  4%  iron.     One  hundred  tons  of  ore  \\ui 
about  83  tons  of  iron  concentrates. 

{w)    MAGNETIC  COMBINATION  MILLS. 

§  774.  This  group  includes  Mills  92  aiwJ  93  and  the  plant  at  Monteponi,  Sir- 
dinia.     These  mills  combine  magnets  with  other  systems  as  main  or  suboniiiiit 
means  of  separation.     Mill  92  uses  breakers,  picking  table  for  waste  gar^: 
rolls,  drier,  screens  and  magnets  for  valuable  f ranklinite,  and  on  tailings  of  tl>- 
magnets  uses  jigs  for  valuable  calamine  and  zincite.     Mill  93  uses  breaker.  mI  •. 
and  log  washer  for  waste  clay,  screens  and  jigs  for  lead  concentrates  and  r.i 
iron  middlings,  and  calcining  furnace  and  magnets  to  remove  iron  from  the  iax. 
The  Monteponi  plant  is  put  in  here  to  illustrate  foreign   practice.    It  u-- 
breakers,  rolls,  screens,  classifiers,  and  jigs  to  save  the  zinc  as  far  as  possible  ai/. 
then  adds  to  this  roasting  furnaces  and  magnets  for  the  recovery  of  the  zinc  f?  i 
the  ferruginous  ores ;  fines  are  treated'  by  classifiers,  fine  jigs,  and  Ferraris  t:^^*!- 

§  775.  Mill  No.  92.*    Wetherill  Magnetic  Concentrating  Plant,  St  . 
LING  Iron  and  Zinc  Company,  Franklin  Furnace,  New  Jersey. — Capa.  : 
200  tons  in  24  hours.     The  mills  runs  24  hours  per  day,  6  days  per  week.    T 
ore  consists  of  the  economic  minerals  f ranklinite,  willemite,  fowlerite,  zivi 
and  tephroite,  and  a  gangue  of  quartz,  calcite,  garnet,  mica  and  graphite.    T 
problem  is  to  separate  the  material  into  three  classes:  (a)  f ranklinite,  fowl.ri- 
and  tephroite  for  the  zinc  oxide  furnaces  and  the  residue  then  to  the  spifizt'l  :.'- 
naoe;  (h)  willemite  and  zincite  to  the  spelter  furnace;  (c)  remainder  to  w.- 
The  treatment  is  first  to  remove  franklinite,  fowlerite,  tephroite  and  ganj^t 
hand  picking  and  powerful  magnets  the  garnet  being  separated  from  the  -t  - 
three  minerals  by  variation  in  the  power  of  the  magnets  com|X)sin^  the  maci  ^  ; 
second  to  jig  the  willemite  and  zincite  from  the  calcite,  quartz  and  niic  a.     i  i 
ore  is  hoisted  in  cars  holding  5,600  pounds  and  run  on  a  transfer  car  60  f^*  i 

1.  Two  grizzlies  with  l|-inch  spaces.     Oversize  to  (2) ;  undersize  to  (2). 

2.  Four  No.  1  bins,  two  for  coarse  and  two  for  fine,  holding  125  ton>  -^  1 
with  bottoms  sloping  30°.  Coarse  ore  by  gates  to  cars  and  thenc-e  by  iin'r  \ 
hoist  to  (3) ;  fine  ore  by  gates  to  cars  and  thence  by  inclined  hoist  to  (6). 

3.  Receiving  floor,  14  X  \h\  feet,  with  capacity  of  storing  50  tons  of  ore.  J 
shovel  to  (4). 

4.  One  No.  1  Blake  breaker,  15  X  30  inches,  crushing  to  4  inches.     To  (.SV 

5.  One  No.  1  trommel  for  coarse  ore  with  12.7-mm.  square  holes.      Over>ii 
(8)  ;  undersize  by  No.  1  Robins  belt  conveyor  to  (10). 

6.  From  (2).     No.  1  drier  consisting  of  six  chutes  20  feet  long.  15  inch*^  '  i 
sloping  30*",  made  of  cast  iron  plates,  heated  by  furnace  flues  below.      TL- 
stream  is  6  inches  deep  and  is  moved  down  the  chutes  by  endless  chain  sv^r  :| 
moving  6 J  feet  per  minute.     By  No.  1  bucket  elevator  to  (7). 

7.  Two  No.  1  trommels  for  fine  ore  with  12.7-nmi.  square  holes.  Over<'  \ 
(8) ;  undersize  to  (10). 

8.  From  (5)  and  (7).     One  picking?  table  in  the  form  of  a  chain  plate  c-^ 

divided  by  fins  into  three  longitudinal  parts.     Center  part  containip.ir   i 

'This  is  the  mill  that  is  referred  to  as  No.  W  throughout  the  hook  ezoept  In  Cihftpfiers  IX-  ,  X^  XIH  , 
■nd  XIX. 
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waste,  comprising  tophroite,  fowlerite,  garnet,  and  calcite,  to  dump;  two  side 
parts  to  (y). 

9.  One  No.  2  Blake  breaker,  6  X  20  inches  duplex,  crushing  to  %  inch.  To 
(10). 

10.  From  (5),  (7)  and  (9).  Three  No.  2  trommels  with  6.4-mm.  square 
holes.     Oversize  to  (11) ;  undersize  to  (12). 

11.  Two  pairs  of  No.  1  rolls,  30  X  15  inches,  set  close  together.     To  (12). 

12.  From  (10)  and  (11).  Four  No.  3  trommels  with  1.5-mm.  square  holes. 
Oversizo  to  (13) ;  undersize  to  (14). 

13.  Two  pairs  of  No.  2  rolls,  24  X  16  inches,  set  close  together.    To  (14). 

14.  From  (12),  (13)  and  (17).    One  No.  2  bucket  elevator.    To  (15). 

15.  Six  No.  4  trommels  with  1.6-mm.  square  holes.  Oversize  to  (16)  ;  under- 
size to  (18). 

16.  One  No.  9  trommel  with  6.4-mm.  square  holes.  Oversize  (nails,  sticks, 
and  a  little  ore)  allowed  to  accumulate  to  be  treated  later;  undersize  to  (17). 

17.  One  pair  of  No.  3  rolls,  24  X  16  inches,  set  close  together.    To  (14). 

18.  From  (15).  Six  No.  1,  or  1st  rough,  Wetherill  parallel  magnetic  separat- 
ors. Heads  (franklinite)  to  (34) ;  tailings  by  six  No.  2  Bobins  belt  convenors 
to  (19). 

19.  Six  No.  2  bins  or  circular  tnnks,  8  feet  high,  6 J  feet  diameter  at  top  and 
7  feet  diameter  at  bottom,  outside  dimensions.    To  (20). 

20.  Six  No.  2,  or  ^d  roiio;h,  Wotberill  horizontal  magnetic  separators.  Heads 
(franklinite)  by  two  No.  3  Bobins  belt  conveyors  to  (34) ;  tailings  by  four  No.  4 
Robins  belt  conveyors  and  two  No.  3  bucket  elevators  to  (21). 

21.  Two  No.  5  trommels  with  0.85-mm.  square  holes.  Oversize  to  (26)  via 
(25)  ;  undersize  to  (22). 

22.  Two  No.  6  trommels  with  0.75-mm.  square  holes.  Oversize  to  (27)  via 
(25);  undersize  to  (23). 

23.  Two  No.  7  trommels  with  0.54-mm.  square  holes.  Oversize  to  (28)  via 
(25):  undersize  to  (24). 

24.  Two  No.  8  trommels  with  50-mesh  square  holes.  Oversize  to  (29)  via 
(25) ;  undersize  to  (30)  via  (25). 

25.  From  (21),  (22),  (23),  (24),  (33).  Ten  No.  3  bins  or  circular  tanks, 
5  feet  high,  4J  feet  diameter  at  bottom  and  3  feet  10  inches  diameter  at  top, 
outside  dimensions.  Bach  pair  receives  a  trommel  product  and  they  deliver 
to  (26),  (27),  (28),  (29)  and  (30). 

26.  From  (21)  via  (25).  Six  No.  3  Wetherill  horizontal  magnetic  separators 
arranged  in  two  rows  with  three  in  series  in  each  row.  Heads  of  1st  and  2d 
magnets  (clean  franklinite)  by  No.  5  belt  conveyors  to  (34) ;  heads  of  3d 
magnets  (included  grains  of  franklinite,  willemite,  tephroite,  and  garnet)  by 
Xo.  6  belt  conveyors  to  (31)  ;  tailings  of  1st  magnets  by  No.  5  elevators  to  2'd 
magnets;  tailings  of  2d  magnets  by  No.  6  elevators  to  3d  magnets;  tailings  of 
3d  magnets  to  (35). 

27.  From  (22)  via  (25).  Six  No.  4  Wetherill  horizontal  magnetic  separators 
arranged  in  two  rows  with  three  in  series  in  each  row.  Products  like  (26) 
except  tailings  of  3d  magnet  to  (36). 

28.  From  (23)  via  (25).  Six  No.  5  Wetherill  horizontal  magnetic  separators 
arranged  in  two  rows  with  three  in  series  in  each  row.  Products  like  (26) 
except  tailings  of  3d  magnet  to  (37). 

29.  From  (24)  and  (33)  via  (25).  Six  No.  6  Wetherill  horizontal  magneti( 
separators  arranged  in  two  rows  with  three  in  series  in  each  row.  ProducI? 
like  (26)  except  heads  of  3d  magnets  (clean  franklinite)  by  No.  5  belt  conveyors 
to  (34)  and  tailings  of  Sd  magnets  to  (38). 

30.  From  (24)  and  (33)  via  (25).     Six  No.  7  Wetherill  inclined  magnetic 
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separators  arranged  in  two  sets  with  three  in  series  in  each  set.  Heads  of  all 
three  magnets  (clean  franklinite)  by  No.  5  belt  conveyors  to  (34);  tailings 
of  3d  magnet  (clean  willemite  and  zincite)  wheeled  to  (43). 

31.  From  (26),  (27),  (28)  and  (32).  Two  pairs  of  No.  4  rolls,  set  close 
together.    To  (32). 

32.  No.  1  vibrating  screens  with  30-mesh  square  holes.  Oversize  to  (31); 
undersize  to  (33). 

33.  No.  2  vibrating  screens  with  50-mesh  square  holes.  Oversize  by  elevator 
to  (29)  via  (25) ;  undersize  by  elevator  to  (30)  via  (25). 

34.  From  (18),  (20),  (26),  (27),  (28),  (29),  (30).  One  No.  4  bucket 
elevator.    By  No.  7  belt  conveyor  to  (43). 

35.  From  (26).  Two  No.  1  jigs.  4-sieve  Harz  jigs.  1st,  2d  and  3d  dis- 
charges (clean  willemite)  to  (41) ;  4th  (willemite,  limestone,  graphite  and 
mica)  returned  to  same  jig;  1st,  2d  and  3d  hutches  to  (41) ;  4th  returned  to 
same  jig;  tailings  to  (44). 

36.  From  (27).    Two  No.  2  jigs.    4-sieve  Harz  jigs.    Products  like  (35). 

37.  From  (28).  Two  No.  3  jigs.  3-sieve  Harz  jigs.  1st  hutch  (clean  wille- 
mite and  zincite)  to  (41) ;  2d  to  (41)  or  returned  to  same  jig;  3d  returned  to 
same  jig;  tailings  to  (44). 

38.  From  (29).  Two  No.  4a  jigs.  2-sieve  Harz  jigs.  1st  hutch  (clean 
zincite  and  willemite)  to  (41) ;  2id:  to  (41)  or  returned  to  same  jig;  tailings 
to  (39). 

39.  Two  No.  2  unwatcring  boxes.    Spigot  to  (40)  ;  overflow  to  (45). 

40.  Two  No.  46  jigs.  2-sieve  Harz  jigs.  1st  hutch  to  (41)  or  returned  to 
same  jig;  2d  returned  to  same  jig;  tailings  to  (44). 

41.  From  (35),  (36),  (37),  (38)  and  (40).  One  No.  7  platform  elevator, 
to  (42). 

42.  One  No.  2  drier,  like  (6)  except  that  it  has  no  scrapers  and  only  three 
chutes.     By  No.  8  bucket  elevator  to  (43). 

43.  From  (30),  (34)  and  (42).  Seven  No.  4  bins  for  concentrates,  fourbein? 
for  franklinite  and  three  for  willemite  and  zincite,  each  14  feet  long,  10  J  feet  wide, 
and  9J  feet  deep,  with  a  capacity  of  100  tons.  The  franklinite  is  j?hip})ed  to  fur- 
naces to  be  worked  for  zinc  oxide  and  spiegeleisen.  The  zincite  and  willemite  go 
to  the  spelter  furnace. 

44.  From  (35),  (36),  (37)  and  (40).  Two  No.  1  unwatering  boxes.  Spig- 
ots wheeled  to  waste  dump;  overflow  to  (45). 

45.  From  (39)  and  (44).     Waste  launder  to  creek. 

Power  is  furnished  by  two  boilers  18  feet  long,  66  inches  diameter,  with  tubes 
4^  inches  diameter  and  running  under  a  steam  pressure  of  100  pounds  per 
square  inch.  One  compound  engine  with  cylinders  10  X  20  inches  and  18  X  00 
inches,  making  150  revolutions  per  minute,  cutting  off  at  -^^  stroke  on  the  high 
pressure  cylinder  and  ^^j^  stroke  on  the  low  pressure,  drives  the  crushing  ma- 
chinery. One  compound  engine  with  cylinders  12X24  inches  and  23  X'?  J 
inches,  makingl50  revolutions  per  minute,  cutting  off  at  ^^  stroke  on  the  hi'ih 
pressure  cylinder  and  ^  stroke  on  the  low  pressure,  dtives  the  concentrating 
machinery  and  the  dynamos.  There  are  two  compound  wound  multipolar  t?V 
kilowatt  dynamos  made  by  the  Eddy  Electric  Manufacturing  Company,  each 
generating  480  amperes  with  52  volts  and  used  for  the  magnetic  separator> 
and  electric  lights  in  series  or  in  parallel. 

The  fine  tailings  of  No.  7  separator  (30)  contain  2.5%  iron,  5%  manganese, 
nnd  42  to  44%  zinc.  The  coarse  jig  concentrates  contain  1.5  to  2%  iron  and 
3  to  5%  manganese.  Owing  to  difference  in  friabilitv  the  coarse  jig  concentrate^ 
are  willemite  and  the  fine  jig  concentrates  are  zincite  with  some  willennito. 
One  hundred  tons  of  ore  yield  about  56  tons  of  clean  franklinite,  30  tons  of  wil- 
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:^  lemite  and  zincite,  and  14  tons  of  waste  tailings.  The  ore  in  one  particular  run 
^"* contained  31.09%  of  oxide  of  zinc  (ZnO),  20.34%  iron  and  9.34%  manganese; 
-y  the  franklinite  concentrates  contained  24.38%  oxide  of  zinc,  35.50%  iron  and 
I  13.62%  manganese;  the  willemite  and  zincite  contained  60%  oxide  of  zinc, 
;  l-oQ%  iron  and  6.10%  manganese;  the  waste  tailings  contained  4%  oxide  of 
'      zinc. 

The  concentrating  part  of  this  mill,  beginning  with  No.  1  separators  (18)  is 
in  two  independent  sections.  Graded  crushing  and  sizing  to  avoid  fines  is  well 
illustrated  in  the  crushing  part  of  this  mill.  The  duplex  breaker  (9)  was 
installed  to  crush  two  grades  of  material  from  the  picking  belt  separately  if 
desired.  The  mill  has  been  considerably  changed  during  its  process  of  develop- 
ment and  an  outline  will  therefore  be  given  of  its  present  arrangement. 

§  776.  Mill  No.  92  in  its  Improved  Form.*— {See  Pigs.  523a  and  5236.)— The 
ore  is  dumped  to  ( 1 ) . 

1.  Grizzly  with  IJ-inch  spaces.     Oversize  to  (2) ;  undersize  to  (10). 

2.  Receiving  floor.     By  shovel  to  (3). 

3.  One  No.  1  Blake  breaker,  15  X  30  inches,  crushing  to  4  inches.     To  (4). 

4-  One  No.  1  fixed  inclined  screen  with  25-mm.  slots.  Oversize  and  undersize 
to  (5),  the  former  being  above  the  latter. 

5.  From  (4)  and  (10).  A  rubber  picking  belt.  Waste  rock  to  dump;  residue 
to    (6). 

6.  One  No.  2  Blake  breaker,  6  X  20  inches  duplex,  crushing  to  J  inch.     To 

7.  Two  No.  1  trommels  with  6.4-mm.  square  holes.  Oversize  to  (8) ;  undersize 
to  (9). 

8.  Two  pairs  of  No.  1  rolls,  30  X  15  inches,  set  close  together.     To  (9). 

9.  From  (7)  and  (8).     One  No.  1  bucket  elevator.     To  (11). 

10.  From  (1).  One  No.  2  fixed  inclined  screen  with  12.7-nmi.  holes.  Over- 
size to  (5) ;  undersize  by  No.  1  bolt  conveyor  to  (11). 

n.  From  (9)  and  (10).     An  Edison  drier.     By  conveyor  and  chute  to  (12). 

12.  Four  No.  2  trommels  with  2.2-mm.  square  holes.  Oversize  to  (13) ;  under- 
size to  (14). 

13.  Two  pairs  of  No.  2  rolls,  24  X  16  inches,  set  close  together.     To  (14). 

14.  From  (12)  and  (13).     One  No.  2  bucket  elevator.     To  (15). 

15.  Four  No.  3  trommels  for  No.  2  rolls  with  1.5-mm.  square  holes.  Over- 
size to  (16)  ;  undersize  to  (19). 

16.  One  No.  4  trommel  with  25.4-mm.  square  holes.  Oversize  (sticks,  etc.) 
to  waste ;  undersize  to  (17). 

17.  From  (16)  and  (18).  One  pair  of  No.  3  rolls,  24  X  14  inches,  set  close 
together.     By  No.  3  bucket  elevator  to  (18). 

18.  Two  No.  3  trommels  for  No.  3  rolls  with  1.5-mm.  square  holes.  Oversize 
to  (17) ;  undersize  to  (19). 

19.  From  (15)  and  (18).  Four  No.  2  rubber  belt  conveyors,  followed  by  two 
No.  3  conveyors  to  (20). 

20.  Six  No.  1  bins  or  circular  tanks.     To  (21). 

21.  Six  No.  1  Wetherill  magnetic  separators.  Heads  by  No.  4  conveyors  and 
No.  4  elevators  to  (38) ;  tailings  by  No.  5  conveyors  and  No.  5  elevators  to  (22). 

22.  Two  No.  5  trommels  with  b.94-mm.  square  holes.     Oversize  to  (27)   via 
.          (26)  ;  undersize  to   (23). 

23.  Two  No.  6  trommels  with  0.81-mm.  square  holes.  Oversize  to  (28)  via 
(26)  ;  undersize  to  (24). 

24.  Two  No.  7  trommels  with  0.58-mm.  square  holes.  Oversize  to  (29)  via 
(26) ;  undersize  to  (25). 

•  Tbis  Is  tbo  mill  that  Is  referred  to  aa  No.  992  in  Chapters  IX.,  X.,  XIIL,  XVI.  and  XIX. 
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25.  Two  No.  8  trommels  with  0.25-mm.  square  holes.  Oversize  to  (30)  via 
{2Q) ;  undersize  to  (31)  via  (26). 

26.  From  (22),  (23),  (24),  (25).  Ten  No.  2  bins  or  circular  tanks.  Each 
pair  receives  a  trommel  product  and  they  deliver  to  (27),  (28),  (29),  (30)  and 
(31). 

27.  From  (22)  via  (26).  Six  No.  2  Wetherill  magnetic  separators  arranged 
in  two  rows  with  three  in  series  in  each  row.  Heads  of  all  three  magnets  con- 
veyed to  No.  4  conveyors  and  thence  by  No.  4  elevators  to  (38) ;  tailings  of  1st 
magnet  elevated  to  2a  magnet ;  tailings  of  2d  magnet  elevated  to  3d  magnet ;  tail- 
ings of  3d  magnet  to  (32). 

28.  From  (23)  via  (26).  Six  No.  3  Wetherill  magnetic  separators  arranged 
in  two  rows  with  three  in  series  in  each  row.  Products  like  (27)  except  tailings 
of  3d  magnet  to  (33). 

29.  From  (24)  via  (26).  Six  No.  4  Wetherill  magnetic  separators  arranged 
in  two  rows  with  three  in  series  in  each  row.  Products  like  (27)  except  tailings 
of  3d  magnet  to  (34). 

30.  From  (25)  via  (26).  Six  No.  5  Wetherill  magnetic  separators  arranged 
in  two  rows  with  three  in  series  in  each  row.  Products  like  (27)  except  tailings 
of  3d  magnet  to  (35). 

31.  From  (25)  via  (26).  Six  No.  6  Wetherill  magnetic  separators  arranged 
in  two  rows  with  three  in  series  in  each  row.  Products  like  (27)  except  tailings 
of  3d  magnet  are  caught  in  a  hopper  and  are  conveyed  to  No.  6  elevator  and 
thence  to  (40)*. 

32.  From  (27).  Two  No.  1  jigs.  4-sieve  Harz  jigs.  1st,  2d  and  3d  dis- 
charges to  (39) ;  4th  returned  to  same  jig;  1st,  2d  and  3d  hutches  to  (39)  ;  4th 
returned  to  same  jig;  tailings  to  (41). 

33.  From  (28).     Two  No.  2  jigs.     4-sieve  Harz  jigs.     Products  like  (32). 

34.  From  (29).  Two  No.  3  jigs^  3-sieve  Harz  jigs.  1st  and  2d  discharges 
to  (39)  ;  3d  returned  to  same  jig;  1st  and  2d  hutches  to  (39) ;  3d:  returned  to 
same  jig;  tailings  to  (41). 

35.  From  (30).  Two  No.  4  jigs.  2-sieve  Harz  jigs.  1st  hutch  to  (39)  ;  2d 
to  (39)  or  returned  to  same  jig;  tailings  to  (36). 

36.  Two  No.  2  unwatering  boxes.     Spigot  to  (37) ;  overflow  to  creek  to  waste. 

37.  Two  No.  5  jigs.  2-sieve  Harz  jigs.  1st  hutch  to  (39)  or  returned  to 
same  jig;  2d  returned  to  same  jig;  tailings  to  (41). 

^8.  From  (21),  (27),  (28),  (29),  (30),  (31).  An  elevating  conveyor  and 
bins  for  f ranklinite  concentrates.     To  furnaces. 

39.  From  (32),  (33),  (34),  (35),  (37).  Cars  and  elevator  to  No.  2  revolv- 
ing  cylindrical  drier  and  thence  by  No.  6  bucket  elevator  to  (40). 

40.  From  (31)  and  (39).  Two  bins  for  willcmite  and  zincite  concentrates. 
To  furnaces. 

41.  From  (32),  (33),  (34),  (37).  No.  1  unwatering  boxes.  Spigots  by 
cars  and  platform  elevator  to  waste  dump ;  overflow  waste  to  creek. 

One  set  of  figures  of  the  work  done  is  as  follows : 


Ore 

Franklinite  concentrates 

Zincit-e  and  willemite  concentrates. . 
Tailings 


of  Total 
Weight 

Analysis. 

Iron. 

Bfangareee. 

Zinc, 

100 

% 

% 

% 

67.48 
8.53 

29.47 
8.20 

18.57 
5.15 

8S.94 

48.06 

4.19 

This  is  better  work  than  that  done  bv  the  mill  as  originally  started.  There  is 
about  5%  iron  and  manganese  together  in  pure  willemite  and  zincite  concen- 
trates. 
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§  777.  A  Second  Mill  has  been  erected  by  this  company  with  a  capacity  of 
1,400  tons  in  24  hours  (really  20  hours  actual  work).  The  general  procees  has 
not  varied  but  the  method  of  crushing  has  been  changed  and  also  the  method  of 
sizing  so  that  a  saving  in  cost  of  something  over  $0.10  per  ton  treated  has  been 
effected.     The  ore  is  dumped  to  (1). 

1.  One  pair  of  No.  1  or  Edison's  giant  rolls,  60  X  36  inches.     To  (2). 

2.  One  pair  of  No.  2  or  corrugated  rolls,  36  inches  diameter.  By  No.  1  Bobins 
belt  conveyor  to  (3). 

3.  One  pair  of  No.  3  or  smooth  rolls,  24  inches  diameter.  By  No.  2  Robins 
belt  conveyor  and  No.  1  bucket  elevator  to  (4). 

4.  No.  1  Edison  fixed  inclined  screens  with  12.7-mm.  slots.  Oversize  (sticks, 
etc.)  to  waste;  undersize  to (5). 

5.  An  Edison  drier.     To  (6). 

6.  From  (5)  and  (7).  Two  pairs  of  No.  4  rolls,  36  inches  diameter.  By 
No,  2  bucket  elevator  to  (7). 

7.  No.  2  Edison  fixed  inclined  screens  with  No.  10  slots.  Oversize  to  (6)  ; 
undersize  by  No.  3  Robins  belt  conveyor  to  (8). 

8.  Storage  bins  holding  8,000  tons.  By  one  No.  4  Robins  belt  conveyor  fol- 
io w^ed  by  two  No.  5  Robins  belt  conveyors  to  (9). 

9.  Separating  house  made  in  two  sections.  This  is  practically  the  same  as  in 
the  old  mill  except  that  trommels  have  been  discarded  for  Edison  fixed  inclined 
screens  and  the  Rowand  cross  belt  magnetic  separators  are  used.  These  yield 
cleaner  products  as  they  have  removed  the  trouble  caused  by  the  tangling  of  non- 
magnetic particles  with  those  that  are  magnetic. 

55  778.  Mill  No.  93.  Wythe  Lead  and  Zinc  Mine  Company,  Austinville, 
Virginia. — Capacity  80  tons  in  10  hours.  The  mill  runs  10  hours  per  day,  6 
days  per  week.  The  ore  consists  of  the  economic  minerals  limonite,  smithsonite, 
wiilemite  and  cerrusite,  and  a  gangue  of  dolomite  and  quartz.  The  problem  is  to 
save  the  lead,  zinc  and  iron  separately.  The  ore  is  soft  and  is  mined  in  an  open 
cut  and  any  limestone  wall  rock  is  picked  out  before  hoisting.  It  is  dumped 
to  (1). 

1.  One  No.  1  Blake  breaker,  9  X  15  inches,  crushing  to  1^  inches.     To  (2). 

2.  One  pair  of  No.  1  rolls,  30  X'14  inches,  set  \  inch  apart.     To  (3). 

3.  A  single  log  washer,  13  feet  long,  making  12  revolutions  per  minute  and 
using  one  horse  power.  The  paddles  are  of  cast  iron,  32  inches  diameter,  weigh 
2.000  pounds  per  set  and  last  for  1,000,000  tons  of  ore.  The  bottoms  are  of 
wood  and  last  indefinitely.     Heads  to  (4)  ;  tailings  (clay)  to  waste. 

4.  From  (3)  and  (6).     One  No.  1  bucket  elevator.     To  (5). 

5.  One  No.  1  trommel  with  6-mm.  round  holes.  Oversize  (about  25%)  to 
(6)  ;  undersize  (about  75%)  to  (7). 

6.  One  pair  of  No.  2  rolls,  24  X  12  inches,  set  J  inch  apart.     To  (4). 

7.  From  (5).  One  No.  2  trommel  with  3i-mm.  round  holes.  Oversize  to 
(9) ;  undfersize  to  (8). 

8.  One  No.  3  trommel  with  2-mm.  round  holes.  Oversize  to  (10)  ;  undersize 
to  (11). 

9.  From  (7).  Two  No.  1  jigs.  4-sieve  double  Harz  jigs  with  sieves  14  X  28 
inches.  The  early  compartments  make  lead  concentrates  to  lead  furnaces;  the 
products  of  later  compartments  and  the  tailings  are  zinc  and  iron  concentrates 
by  tramway  J  mile  to  (12). 

10.  From  (8).  One  No.  2  jig.  4-sieve  double  Harz  jig  with  sieves  14  X  28 
inches.     Products  like  (9). 

11.  From  (8).  Three  No.  3  jigs.  4-8ieve  double  Harz  jigs  with  sieves  14  X 
28  inches.     Products  like  (9). 


1066  ORB  DBESaiNQ.  §  779 

12.  From  (9),  (10),  (11).  Two  reverberatory  roasting  furnaces  with  heartb 
7  feet  X  8  or  9  feet,  for  rendering  the  iron  ore  magnetic.     To  (13). 

13.  Cooling  floor  with  area  of  about  1,000  square  feet  The  ore  is  partly 
quenched  with  water  and  goes  by  No.  2  bucket  elevator  to  (14). 

14.  A  Payne  two-drum  magnetic  separator.  Heads  to  iron  blast  furnace ;  tail- 
ings to  zinc  furnace. 

The  lead  concentrates  contain  about  60%  lead,  the  iron  concentrates  contain 
about  48%  iron  and  the  zinc  concentrates  contain  about  35%  zinc  and  4  to  6% 
iron.  One  hundred  tons  of  ore  yield  60  tons  of  clay  washed  off  in  the  log  washer, 
2i  tons  of  lead  concentrates,  12^  tons  of  iron  concentrates,  and  35  tons  of  zLnc 
concentrates. 

§  779.  The  Concentration  Works  at  Monteponi,  Sardinia.*** — ^The  ore 
consists  of  the  economic  minerals  calamine, smithsonite,  and  ochreous  iron  ore  with 
some  galena,  cerrusite,  siderite,  and  blende,  and  a  gangue  of  limestone  and 
dolomite  with  some  barite.  The  smithsonite  is  very  hard  and  is  found  mostly 
in  the  crushed  sizes  above  10  mm.  The  calamine  is  friable  and  ferruginous  and 
foniis  with  the  ochreous  iron  ore  mixed  iron-zinc  ores  which  are  difficult  to 
separate  in  the  wet  way.  In  the  zinc  dressing  mill  these  mixed  ores  gradual'v 
work  down  into  the  finer  sizes  and  form  middlings  which  go  to  the  magnetic  sep- 
aration ;  some  of  the  iron-zinc  ores  are  so  light  that  they  go  with  the  gangue  as 
waste.  The  galena  is  very  compact  and  acts  similar  to  the  smithsonite.  It  car- 
ries 0.2%  silver.  The  cerrusite  is  friable  and  is  found  in  the  finest  crashed 
sizes.     It  is  poor  in  silver. 

For  twenty  years  previous  to  1886  the  company  used  no  concentration  beyond 
hand  picking  and  during  this  time  they  accumulated  225,000  metric  tons  of  ma- 
terial on  the  surface  containing  13%  zinc,  100,000  metric  tons  of  material  in 
the  mine  containing  18%  zinc,  and  300,000  tons  of  unbroken  ore  in  the  mine 
containing  12%  zinc.  Lead  is  present  in  amounts  varying  from  \  to  2%. 
From  tests  it  was  calculated  that  the  above  625,000  metric  tons  could  be  con- 
centrated- to  yield  517,000  tons  of  tailings  with  9%  zinc  and  108,000  tons  of 
raw  zinc  concentrates  with  34%  zinc  or  80,000  tons  of  calcined  zinc  concentrates 
with  46%  zinc. 

The  ore  from  the  mine  to-day  is  divided  into  the  following  classes,  the 
division  between  rich  ore  and  poor  ore  being  roughly  made  at  25%  zinc:  (a) 
zinc  ores  containing  over  25%  zinc,  averaging  34.5%  zinc,  go  straight  to  the 
calcining  furnace;  (ft)  granulated  cerrusite  containing  60%  lead  and  some  sil- 
ver goes  to  lead  smelter;  (c)  smithsonite  containing  70%  lead  and  0.2%  silver 
goes  separately  to  lead  smelter;  (d)  ferruginous  ore  with  26%  zinc  and  40% 
iron  oxide  goes  to  the  magnetic  mill;  (c)  mixed  ores  and  fines  with  13%  zinc 
go  to  the  zinc  mill;  (/)  clay  with  8.5%  zinc  is  thrown  aside;  (g)  waste  mate- 
rial with  2%  zinc  goes  to  the  dump. 

Zinc  Mill. 

Capacity  210  metric  tons  per  day  (probably  10  hours).  The  material  is 
brought  in  little  wagons,  each  holding  0.5  cubic  meter  (1,500  pounds)  and 
dumped  into  (1). 

1.  Two  horizontal  grizzlies  with  100-mm.  spaces.  Oversize  hand  picked  into 
lead  concentrates  to  (23),  zinc  concentrates  to  (24),  and  residue  or  mixed  on^ 
to  (2) ;  undersize  to  two  hoppers  with  feeders  at  the  bottom,  to  (3). 

2.  From  (1)  and  (4).     One  Blake  breaker.     By  No.  1  bucket  elevator  to  (1). 

3.  From  (1).  Two  sets  of  inclined  shaking  screens,  each  set  having  a  30-nini. 
screen  3.3  m.  long  above,  and  an  8-mm.  screen  2.7  m.  long  below.     Two  hundred 
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liters  of  water  per  minute  come  to  each  set.     Over  30  mm.  by  two  steel  conveying 
bells  to  (4) ;  through  30  on  8  mm.  to  (5) ;  through  8  mm.  to  (12). 

4.  Two  steel  picking  belts.  Lead  concentrates  to  (23) ;  zinc  concentrates  to 
(24)  ;  mixed  ores  by  No.  2  bucket  elevator  to  (2) ;  residue  (waste)  to  waste  bin 
and  thence  by  wagons  to  dump. 

5.  From  (3)  and  (11).  Two  No.  1  trommels.  Sectional  with  8  and  16-mm. 
holes.  Over  16  mm.  to  (6) ;  through  16  on  8  mm.  to  (7) ;  through  8  mm.  to 
(13), 

6.  Eight  No.  1  jigs.  1-sieve  Ferraris  intermediate  jigs.  Some  skimmings 
(lead  concentrates)  removed  d'aily  to  (23) ;  some  discharges  (zinc  concentrates) 
to  (21) ;  some  skimmings  and  discharges  (mixed  free  grains)  to  (8) ;  some 
skimmings  and  discharges  (included  grains)  to  (10) ;  hutches  to  (15)  ;  tailings 
to  (25). 

7.  From  (5)  and  (12).  Four  No.  2  jigs.  1-sieve  Ferraris  intermediate 
jigs.     Products  like  (6). 

8.  From  (6)  and  (7).     One  No.  3  bucket  elevator.     To  (9). 

9.  Four  No.  3  jigs.  Two  6-sieve  jigs  and  two  1-sieve  jigs.  Lead  concentrates 
to  (23) ;  middlings  to  (10) ;  probably  also  zinc  concentrates  to  (24)  and  hutches 
to  (15). 

10.  From  (6),  (7),  (9).  One  No.  4  bucket  elevator  followed  by  one  No.  6 
bucket  elevator  and  automatic  feeder  to  (11). 

11.  One  pair  of  rolls.     By  No.  6  bucket  elevator  to  (5). 

12.  From  (3).  One  No.  2  conical  trommel  with  8-mm.  holes.  Oversize  to 
(7)  ;  und^rsize  to  (13). 

13.  From  (5)  and  (12).  Four  No.  1  Ferraris  hydraulic  classifiers  in  series, 
each  with  one  spigot.     Spigots  to  (14) ;  overflow  to  (17). 

14.  Four  No.  4  jigs.  5-sieve  Ferraris  jigs.  Some  discharges  and  hutches 
(lead  concentrates)  to  (23);  some  (zinc  concentrates)  to  (24);  some  (mixed 
free  grains)  to  (15) ;  some  (included  grains)  to  (20)  ;  tailings  to  (25). 

15.  From  (6),  (7),  (9)  and  (14).     A  hopper  shaped  bin.     To  (16). 

16.  One  No.  3  trommel.  Oversize  (small  in  amount)  probably  to  (21)  ; 
undersize  to  (17). 

17.  From  (13),  (16)  and  (22).  One  box  classifier  in  the  form  of  a  pointed 
box.  Spigot  to  (18) ;  overflow  to  settling  tanks  to  be  pumped  back  and  used 
over. 

18.  Six  No.  2  Ferraris  hydraulic  classifiers  in  series,  each  with  one  spigot. 
Spigots  to  (19) ;  overflow  probably  to  a  settling  tank. 

19.  Six  No.  5  jigs.  5-6ieve  Ferraris  jigs.  Lead  concentrates  to  (23) ;  zinc 
concentrates  to  (24)  ;  mixed  free  grains  to  (22) ;  included  grains  to  (20) ;  tail- 
ings to  (25). 

20.  From  (14)  and  (19).     One  No.  7  bucket  elevator.     To  (21). 

21.  From  (16)  and  (20).  One  fine  crusher  built  like  a  jaw  breaker  but 
having  also  a  lateral  movement  of  the  jaws.     To  (22). 

22.  From  (19)  and  (21).     One  No.  8  bucket  elevator.     To  (17). 

23.  From  (1),  (4),  (6),  (7),  (9),  (14),  (19).  The  lead  concentrates  from 
the  jigs  are  caught  in  pails  or  little  settling  tanks  below  each  jig  and  are 
shoveled  out  into  wagons  and,  together  with  the  hand  picked  lead  concentrates, 
go  to  the  lead  smelter. 

24.  From  (1),  (4),  (6),  (7),  (9),  (14),  (19).  Tlie  zinc  concentrates  are 
collected  in  the  same  way  as  the  lead  concentrates  and  go  to  calcining  furnaces 
where  the  moisture  and  carbon  dioxide  are  driven  off  and  the  product  is  then 
ground. 

25.  From  (6),  (7),  (14),  (19).    Tailings  of  the  jigs  are  caught  in  little 
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settling  boxes  and  thence  go  by  wagons  to  the  waste  dump,  or  some  of  the 
products  are  rich  enough  to  go  to  the  magnetic  mill. 

All  the  overflows  of  the  classifiers  and  of  the  settling  boxes  for  the  ji;c 
products  previous  to  paragraph  (17)  are  delivered  to  the  pointed  box  (17). 
The  overflow  of  this  is  collected  in  a  settling  tank  6X6X5  meters  deep 
and  having  a  hopper  bottom  and  gate  for  the  periodical  removal  of  the  settled 
mud.  Four  centrifugal  pumps  in  two  sets  with  two  pumps  in  series  in  each  set, 
each  set  run  alternately,  lift  the  water  from  this  tank  to  one  of  the  two  supply 
tanks  at  the  top  of  the  mill.  Water  from  the  mine  pump  is  delivered  to  a  tank 
in  the  mill  and  is  lifted  by  two  centrifugal  pumps,  run  alternately,  to  the  other 
supply  tank  at  the  top  of  the  mill.  One  of  these  supply  tanks  supplies  the 
shaking  screens,  the  Nos.  1,  2  and  3  jigs  and  the  hydraulic  classifiers;  the  other 
supplies  the  trommels  and  the  rest  of  the  jigs.  The  mill  uses  3,500  liters  of 
water  per  minute  of  which  1,500  liters  come  from  the  mine  pump  and  2,000  litersi 
are  repumped  in  the  mill. 

Power  is  supplied  by  a  steam  engine  with  two  cylinders,  each  400  mm.  diam- 
eter and  750  mm.  long.  The  mill,  together  with  its  electric  lights,  requires  about 
100  horse  power. 

The  ore  coming  to  the  mill  averages  12%  zinc  and  the  daily  product  of  cal- 
cined zinc  concentrates  from  the  mill  amounts  to  18.609  tons  containing  46% 
zinc.  The  concentrates  before  calcining  contain  34%  zinc.  The  average  of  the 
total  ore  mined  is  13.32%  zinc  and  the  total  daily  product  of  calcined  zinc  c<"»n- 
centrates  from  rich  ore  and  the  mill  is  26.822  metric  tons  containing  46%  zinc. 
In  1899  the  company  produced  13,000  metric  tons  of  calcined  zinc  concentrates, 
3,000  tons  of  metallic  lead  and  3,000  kilos  of  silver. 

Magnetic  MilU"^^ 

The  material  treated  is  the  mixed  zinc-iron  ore  from  the  mine  and  from  the 
zinc  mill.    It  is  brought  by  No.  1  bucket  elevator  to  (1). 

1.  Three  continuous  revolving  furnaces  having  the  flame  passing  through  them. 
They  slope  3°  35'  and  make  16  revolutions  per  hour.  The  grate  has  an  an^a 
of  1.5  sq.  m.  and  has  a  deep  fire  supplied  by  an  air  blast.  The  ore  passes  through 
the  furnace  in  about  six  hours.    The  roasted  product  goes  to  (2). 

2.  From  (1)  and  (5).    One  No.  2  bucket  elevator.    To  (3). 

3.  A  sectional  trommel  having  1,  1.6,  3  and  6-mm.  holes.  Over  6  mm.  to 
(4)  ;  other  four  sizes  by  four  little  feeders  to  (6). 

4.  From  (3)  and  (6).    One  No.  3  bucket  elevator.    To  (5). 

5.  One  pair  of  rolls.    To  (2). 

6.  From  (3).  Four  Ferraris  magnetic  separators.  Heads  (zinc  concen- 
trates) to  (7) ;  middlings  to  (4) ;  tailings  (iron  ore)  to  dump. 

7.  The  zinc  concentrates  go  straight  to  market  except  the  material  below 
1  mm.  which  contains  so  much  dolomite  that  it  has  to  be  jigged. 

A  dynamo  with  12  amperes  and  60  volts  runs  the  magnetic  separators  and  the 
electric  lights. 

The  ore  contains  about  26%  zinc  and  10%  iron.  During  the  first  year  the 
plant  treated  5,000  tons,  and  yielded  1,530  tons  of  zinc  concentrates  containing 
41.7%  zinc.  Since  then  they  have  improved  the  work  so  that  they  get  concen- 
trates with  45%  zinc. 

Fine  Concentration  Plant  *^^ 

This  was  built  after  the  zinc  mill  and  has  a  capacity  of  20  tons  in  11  hour?. 
The  material  treated  is  probably  some  of  the  fine  products  from  the  zinc  mill, 
containing  calamine,  cerrusite  and  galena,  and  gangue.  It  is  first  sized  in  a 
trommel  with  1  or  1.5-mm.  holes.     The  oversize  passes  to  a  5-sieve  jig  and  the 
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undersize  is  fed  to  a  Ferraris  classifier  which  yields  spigot  product  to  a  second 
5-sieve  jig  and  overflow  to  a  box  classifier  {spiizkasten) .  The  latter  makes  three 
products  which  are  separated  on  Ferraris  tables. 

(x)    MILLS   NOT   ALREADY   CLASSIFIED. 

This  includes  the  sampling  and  fine  crushing  Mill  94,  the  Elmore  oil 
concentration  mill  and  the  treatment  of  miscellaneous  substances  including 
cliromite,  quicksilver  ores,  graphite,  clay  and  kaolin,  corundum  and  emery, 
asbestos,  diamonds  and  tinstone.  Many  others  might  be  taken  up  but  as  a  rule 
tliey  are  of  only  local  importance  in  comparison  with  the  metal  bearing  ores. 
Foster**  gives  a  short  account  of  the  treatment  of  several  of  them  such  as  amber, 
asphalt,  salt,  slate,  stone,  etc. 

§  780.  Mill  No.  94.  Leadville  Gold  and  Silver  Extraction  Company, 
IjEADville,  Colorado.* — (See  Figs.  524a-634e.) — Capacity  estimated  to  be  50 
tons  in  10  hours  to  30  mesh,  or  75  tons  to  20  mesh,  but  the  ore  had  10%  moisture 
so  that  the  drier  was  inadequate  and  the  capacity  of  the  mill  was  thereby  limited 
to  75  tons  in  24  hours.  The  mill  ran  24  hours  per  day.  The  ore  consisted  of 
the  economic  minerals  native  gold  and  cerrusite  and  a  gangue  of  partly  decom- 
posed gray  porphyry  containing  more  or  less  kaolin  and  stained  with  oxide  of 
iron.  The  problem  was  to  save  the  gold  by  cyanide.  The  ore  came  by  wagons 
or  railroad  cars  and,  when  not  to  be  immediately  treated,  was  shoveled  to  (1)  or 
(2)  ;  otherwise  wheeled  to  (3). 

1.  Receiving  floor  for  storage.     To  (3). 

2.  No.  1  bins  for  storage.     To  (3). 

3.  A  Briart  bar  screen  with  IJ-inch  spaces,  also  serving  as  a  feeder.  Over- 
size to  (4)  ;  undersize  to  (5). 

4.  One  No.  1  Blake  breaker,  9  X  15  inches,  crushing  to  IJ  inches.    To  (5). 

5.  From  (3)  and  (4).  Shaking  screen  with  f-inch  round  holes.  Oversize  to 
(6)  ;  undersize  to  (7). 

6.  No.  2  Blake  breaker,  5  X  30  inches,  crushing  to  J  inch  or  less.    To  (7). 

7.  From  (5)  and  (6)  and  sometimes  (8)  and  (10).  No.  1  elevator,  lifting 
40  feet.    To  (8). 

8.  A  Vezin  sampler.  It  yields  J  (rejected  ore)  to  (11)  and  i  (sample)  to 
(9)  if  the  quantity  is  small,  or,  if  large,  to  No.  3  bin  holding  10  to  15  tons.  In 
the  latter  case  it  then  goes  by  chute  to  No.  1  elevator  (7)  and  through  the  sampler 
a  second  time,  yielding  again  J  (rejected  ore)  to  (11)  and  i  (sample)  to  (9).  If 
however  it  is  still  too  large  it  goes  to  No.  4  bin  holding  4  or  5  tons  and  thence  by 
chute  to  No.  1  elevator  (7)  and  sampler  a  third  time,  which  yields  J  to  (11)  and 
i  to  (9). 

9.  One  pair  of  No.  1  rolls,  20  X  12  inches,  set  i  inch  apart  when  crushing. 
To  (10). 

10.  Sampling  floor.  The  ore  is  cut  down  by  riffle  samplers  or  by  fractional 
selection,  dried  if  necessary,  ground  finer  in  a  sample  grinder,  cut  down  further 
and  finished  on  a  bucking  plate.  Sample  to  assayer;  rejected  ore  wheeled  to 
(12)  or  fed  to  No.  1  elevator  (7)  which  delivers  all  of  it  to  (11),  the  sampler 
(8)  being  thrown  out  of  action  during  this  short  operation. 

11.  From  (8).  Five  No.  2  bins  holding  37,500,  43,000,  59,000,  75,000  and 
75,000  pounds  respectively.  By  gates  and  cars  holding  1,400  poimds  each  to 
(12). 

12.  From  (10)  and  (11).    A  Hendy  feeder.     To  (13). 

13.  An  Argall  4-tube  drier.    By  No.  2  bucket  elevator,  lifting  44  feet,  to  (14). 

*  The  whole  plant  included  sampling,  line  crushing  and  cyanidlng,  but  the  last  Is  omitted  here  as  being 
outside  the  province  of  ore  dressmg. 
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14.  Prom  (13)  and  (16).  One  No.  1  trommel.  Sectional  with  1-inch  rouDd 
holes  and  4-me8h  square  holes.  Over  1  inch  to  (15) ;  through  1  inch  on  4  mesh 
to  (16)  ;  through  4  mesh  to  (17). 


FIO.  6^4a. — SECTION  OF  SAMPLING  PART  OF  MILL  94  ON  ABCD 
OF  FIO.  524&. 


FIO.  5246. — PLAN  OF  SAMPLING  PART  OF  MILL  94. 

15.  Picking  bin.    Bolts,  pick  points,  etc.,  to  waste;  residue  to  (16). 

16.  From  (14),  (15)  and  (25).     One  pair  of  No.  2  rolls,  27  X  14  inches,  set 
i  inch  apart  when  crushing.    By  No.  3  bucket  elevator,  lifting  35  feet,  to  (14). 
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17.  From  (14)  and  (19).    No.  4  bucket  elevator  lifting  35  feet.    To  (18). 

18.  Two  No.  2  trommels.     Sectional  with  0.13  and  0.07-inch  square  holes. 


FIG.  524c. — SECTION  ON  EF  OP  FIQ.   5246. 

Over  0.13   inch    (chips,   strings,  etc.)    to    (25) ;  through   0.13  on   0.07   inch 
to  (19) ;  through  0.07  inch  to  (20). 

19.  One  pair  of  No.  3  rolls,  27  X  14  inches,  set  almost  close  together.  To 
(17). 

20.  From  (18)  and  (22).    No.  5  bucket  elevator  lifting  35  feet.    To  (21). 

21.  Four  No.  3  trommels  with  0.03-inch  square  holes.  Oversize  to  (22) ; 
undersize  to  (23). 

22.  One  pair  of  No.  4  rolls,  27  X  14  inches,  set  almost  close  together.    To  (20) . 

23.  From  (21)  and  (26).  No.  6  bucket  elevator,  lifting  45  feet.  By  screw 
conveyor  to  (24). 

24.  Six  No.  5  bins  holding  46  to  50  tons  each.  By  gate  and  car  to  cyanide 
plant. 

25.  From  (18).  Floor.  Stuff  is  here  cleaned  up  periodically  and  yields 
refuse  (chips,  strings,  etc.)  to  waste,  and  residue  to  (16). 

26.  Dust  chamber  and  exhaust  fan.  This  sucks  dust  from  all  elevator,  trom- 
mel and  rolls  casings.    Settlings  to  (23) ;  fine  dust  to  waste. 

The  power  was  furnished  by  a  Porter- Allen  engine  rated  at  170  horse  power 
with  a  cylinder  12  X  20  inches,  running  under  85  pounds  steam  pressure  with  cut 
off  at  \  stroke.  The  total  power  required  by  the  mill  was  estimated  to  be  107 
horse  power. 
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This  mill  is  a  most  excellent  example  of  the  use  of  graded  fine  crushing  to 
avoid  the  formation  of  slimes.  Each  particle  that  is  crushed  sufficiently  fine  L^ 
immediately  sifted  out  and  removed  fiom  further  crushing.  Also  each  pair  of 
rolls  cleans  up  its  own  oversize,  that  is  the  particles  which  are  not  crushed  Milli- 
ciently  fine  by  their  first  passage  through  a  pair  of  rolls  are  returned  to  Hit 
same  pair  until  they  arc  so  crushed. 

§  781.  Elmore  Oil  Concentration  Mill  at  the  Glasdir  Mine,  Dolgelly, 
Wales.'** — Capacity  50  tons  per  day  (probably  24  hours).  The  ore  consists  of 
the  economic  mineral  chalcopyrite,  finely  disseminated,  and  a  gangue  of  hardened 
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fig.  524d. — section  of  crushing  part  of  mill  94  on  CD  of  fig.  524e. 

slate.     The  problem  is  to  save  the  copper  and  its  accompanying  gold  and  silver. 
The  ore  is  delivered  to  (1). 

1.  A  Comet  breaker.     To  (2). 

2.  A  trommel.     Oversize  to  (3)  ;  undersize  to  (5). 

3.  Jawbreakers.     To  (4). 

4.  Rolls.     To  (5). 

5.  From  (2)  and  (4).     Three  5-foot  Huntington  mills  using  screens  with  ^o. 
6  needle  slot,  equivalent  to  30  mesh.     To  (6). 

6.  Four  No.  1  mixing  drums,  to  which  oil  is  added.     To  (7). 

7.  Four  No.  1  small  settling  boxes.     Spigots  to  (8)  ;  overflow  to  (12). 

8.  Four  No.  2  mixing  drums,  to  which  oil  is  added.     To  (9). 

9.  Four  No.  2  small  settling  boxes.     Spigots  to  (10) ;  overflow  to  (12). 


g   782  SUMMARY  OF  PRINCIPLES  AND  OUTLINES  OF  MILLS, 


1073 


10.  Four  No.  3  mixing  drums,  to  which  oil  is  added.     To  (11). 

11.  Four  No.  3  small  settling  boxes.     Spigot^s  to  waste  dump;  overflow  to 
(12). 

13.  From  (7),  (9)  and  (11).     Two  No.  4  large  settling  boxes.     Spigots  to 
waste  dump;  overflow  to  (13). 

13.  Tw^o  large  centrifugal  hydro-extractors  with  solid  baskets.     Water  and  oil, 
as  overflow,  to  (15) ;  mineral,  in  the  baskets,  to  (14). 

14.  One  small  hydro-extractor  with  perforated  basket     Mineral,  in  the  basket, 
to  smelter;  oil  and  water,  through  the  perforations,  to  (15). 


-*f 


Fio.  524e. — SECTION  ON  AB  of  fig.  524d. 


15.  Settling  tanks  for  oil.  Oil  pumped  up  to  four  storage  tanks  to  be  used 
over ;  water  settles  to  bottom  and  is  run  off  periodically  to  waste. 

One  set  of  figures  on  the  low  grade  ore  shows  it  to  contain  0.04  ounce  gold  and 
0.7  ounce  silver  per  ton  of  2,000  pounds  and  a  little  over  \%  copper.  For 
further  data  on  the  work  of  this  mill  see  §  617. 

%  782.  Chromite. — This  is  commonly  associated  with  a  serpentine  gangue 
and  the  difference  in  specific  gravity  is  sufficient  to  allow  a  good  separation. 
Pine  dissemination  is  the  rule  and  this  makes  fine  crushing  necessary  (20  to  40 
mesh)  and  produces  middlings  which  arc  difficult  to  treat.  Moreover  the  depos- 
its are  irregular  and  their  extent  does  not  warrant  anything  more  than  a  simple 
mill,  something  after  the  style  of  Mill  50.^ 

The  practice  in  various  parts  of  the  world  is  as  follows:     In  Austria,  a  rock 
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breaker  and  gravity  stamps  do  the  crushing  while  the  washing  is  done  in  tronorh 
washers.  In  New  Caledonia  the  gangue  is  soft  and  trough  washers  alone  aiv 
used  without  any  previous  crushing;  one  operator  uses  also  a  round  huddle  to 
treat  the  tailings  of  the  trough  washers.  A  mill  in  California  had  a  rock  breaker, 
a  6-foot  Huntington  mill  and  four  Woodbury  vanuers.  In  some  of  the  Canadian 
mills  the  coarsest  oi  the  crushed  ores  is  jigged  while  the  finer  material  ifi  treated 
on  tables  of  the  Wilfley  type. 

§  783.  The  Dressing  of  Quicksilver  Ores. — The  chief  mineral  of  qnicksil- 
ver  is  cinnabar,  which  although  of  high  specific  gravity,  is  yet  so  soft  that  it 
slimes  badly  when  crushed  and  causes  a  large  loss  whenever  wet  concentration  is 
attempted.  Moreover  with  the  modem  furnaces  the  cost  of  extracting  quick- 
silver from  its  ores  without  concentration  is  stated  to  be  no  more  than  the  eoft 
of  concentration  alone.  For  these  reasons  the  only  treatment  given  to  quick- 
silver ores  in  this  country  is  to  crush  them  in  jaw  bre«dcers  and  dry  them.  They 
are  then  ready  for  the  furnace. 

At  Idria,  Austria,**^  the  method  of  preparing  the  ore  for  the  furnaces  is  to  crush 
it  dry  in  rock  breakers  and  then  to  subject  it  to  hand  picking  and  sizing  by 
screens.  Average  figures  show  that  out  of  100  tons  of  concentrated  materi&l 
there  are  41.5  tons  of  coarse  material  (over  20  mm.)  assaying  0.35%  quicksilver. 
64.1  tons  of  fine  material  assaying  0.67%  quicksilver  and  also  4.4  tons  of  high 
grade  stuff  assaying  8.4%  quicksilver.  During  the  last  year  recorded  tht» 
undressed  ore  was  raised  from  0.6%  quicksilver  to  an  average  of  0.85%  by  the 
dressing. 

Wet  concentration  has  been  used  upon  quicksilver  ores  in  Tuscany.  At  the 
Comacchino  mine*'^  the  ore  was  first  treated  in  washing  troughs  to  remove  the 
fines.  These  were  settled  in  a  labyrinth  and  according  to  their  quality  they  were 
sent  either  to  the  furnaces  or  to  the  rectangular  slime  table  mentioned  below  or  io 
waste.  The  coarse  ore  from  the  troughs  was  sized  by  a  10-mm.  trommel  and  the 
oversize  hand  picked  into  ore  for  the  furnaces  and  waste  to  the  dump,  while  the 
undersize  was  treated  on  hand  jigs  which  yielded  coarse  concentrates  to  the  fur- 
naces, hutch  product  to  the  rectangular  slime  table  and  tailings  to  waste.  The 
slime  table  made  products  of  different  grades  to  different  furnaces.  The  mill 
contained  15  trough  washers,  16  hand  jigs  and  4  rectangular  slime  tables  and 
employed  45  women  and  4  men.  Its  capacity  was  20  to  40  tons  in  11  hours.  The 
ore  was  very  rich,  the  heads  of  the  slime  tables  containing  from  15  to  35%  mer- 
cury. Tailings  of  the  slime  tables  contained  0.4^%  mercury  and  the  jig  tailings 
contained  0.97%  mercury.  At  the  present  time  these  tailings  can  be  roasted  at  a 
profit  and  the  presumption  is  that  concentration  is  no  longer  practiced,  but  the 
author  is  unable  to  state  so  positively. 

§  784.  Graphite  Dressixg. — This  differs  from  the  usual  problem  in  ore  dress- 
ing in  that  the  values  are  lighter  than  the  waste.  Graphite  possesses  two  proper- 
ties which  allow  the  use  of  special  processes  in  its  separation.  Its  softness  causes 
it  to  crush  finer  than  the  gangue  and'  this  together  with  its  low  specific  gravity 
makes  a  separation  possible  by  disintegration  followed  by  settling  or  elutriation. 
The  tendency  of  graphite  in  many  cases  to  break  into  fiakes  when  crushed  while 
the  gangue  breaks  into  rounded  particles  makes  a  separation  possible  by  disin- 
tegration followed  by  screening. 

Near  Passau,  Bavaria,  Germanv,  there  is  a  deposit  of  graphite  associated  with 
gneiss,  quartz  and  feldspar.*'*  After  a  certain  amount  of  hand  picking,  the  softer 
ore  is  ground  in  horizontal  mills  of  the  buhrstone  type  and  the  harder  ore  b? 
stamps  or  edge  stone  mills.  The  graphite  on  account  of  its  scaly  form  is  ncft 
ground  so  fine  as  the  other  minerals,  and  can,  therefore,  be  separated  by  sifting 
on  bolting  silk  or  bv  using  an  air  blast.  The  concentration  is  done  dry.  The 
product  is  high  grade  but  there  is  a  large  loss  in  the  tailings.     The  best  ore  con- 
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tains  53.8%  graphite  and  the  best  concentrates  contain  89.^%  graphite.  The 
tailings  vary  from  22.3%  graphite  in  the  poorest  to  36.8%  in  the  richest.  The 
impurity  remaining  in  the  concentrates  is  chiefly  mica  which  does  little  harm. 

In  Austria,**^*"*****  which  is  the  largest  graphite  producing  country  in  the 
world,  M»»n(»  of  the  ore  needs  only  hand  picking  or  cobbing  while  other  ore  has  to  be 
concentrated  by  grinding  in  edgestone  mills  with  water  and  passing  the  pulp  over 
a  series  of  settling  tanks.  The  following  description  of  a  mill  in  Bohemia  illus- 
trates the  process.  Tlie  ore  occurs  in  gneiss  for  a  matrix  and  contains  graphite, 
kaolin,  calcite,  quartz  and  pyrite.  It  is  ground  to  fine  pulp  in  two  edgestone 
mills  and  then  passed  over  six  settling  tanks  for  sand,  each  1.5  m.  long,  1  m.  wide 
and  1  m.  deep.  The  gangue  settles  in  these  and  is  removed  periodically  to  waste. 
The  overflow  passes  on  to  eighteen  settling  tanks  for  graphite,  each  6  m.  long,  1 
m.  wide,  and  1.5  m.  deep.  The  graphite  is  allowed  to  accumulate  in  these  to  a 
certain  height,  and  then  the  water  above  the  settlings  is  drawn  off  to  waste  and 
the  graphite  slime  is  discharged  to  the  filter  presses.  The  best  graphite  comes 
from  the  last  tank  and  the  quality  deteriorates  from  the  last  tank  to  the  first. 
Usually  only  three  grades  of  product  are  made  so  that  the  products  of  several 
neighboring  tanks  are  thoroughly  mixed  together  before  going  to  the  filter  presses. 
The  slime  is  pumped  through  the  big  presses  under  a  pressure  of  six  atmospheres 
(88  pounds  per  square  inch)  and  each  press  yields  in  12  hours  1,800  to  2,400 
kilos  of  graphite  in  cakes  containing  20%  moisture.  A  press  is  discharged 
every  3  or  4  hours.  The  cakes  are  dried  at  90®  to  100°  C.  for  24  or  30  hours 
and  then  crushed  dry  in  edgestone  mills  and  sized  for  the  market.  In  Southern 
Bohemia  the  best  grades  produced  by  this  method  contain  80  to  95%  carbon, 
while  in  Moravia,  where  the  ores  are  of  poorer  quality,  55%  carbon  is  quoted  for 
the  best  grade. 

The  method  of  graphite  dressing  at  Ticonderoga,  New  York,  which  is  the 
source  of  most  of  the  American  output,  is  not  known  to  the  author.  The  ore 
contains  about  10%  graphite  and  the  concentration  saves  only  50%  of  this. 

At  the  mill  of  the  Philadelphia  Graphite  Company  at  Chester  Springs,  Penn- 
sylvania, the  graphite  ore  is  crushed  in  rolls  and  then  concentrated  in  a  form  of 
log  washer.  The  concentrated  graphite  is  again  ground  by  rolls  and  prepared  for 
the  market  by  air  blast  and  sizing  screen.  The  average  rock  is  said  to  contain 
28%  graphite  but  rock  with  10%  can  be  treated  with  a  profit. 

The  process  of  graphite  dressing  in  Alabama  is  copied  after  the  Austrian  mills, 
that  is,  fine  crushing  followed  by  concentration  in  settling  tanks. 

§  785.  Clay  and  Kaolin  Washing. — The  impurities  to  be  removed  are  sand 
and  pebbles  of  quartz,  pyrite,  mica  and  limestone  and  sometimes  roots.  The 
principle  of  the  separation  is  to  thoroughly  disintegrate  the  clay  with  water — 
sometimes  a  preliminary  crushing  is  necessary — and  then  to  float  off  the  fine  clay 
to  settling  tanks  and  leave  behind  the  impurities  which  are  too  heavy  to  be  car- 
ried by  the  water.  Dry  screening  with  fine  screens  has  been  used  to  some  extent 
to  remove  the  coarse  impurities  but  the  washing  process  is  generally  preferred 
as  being  more  effective.  Since  the  nature  oif  the  impurities  may  vary  in 
different  deposits  and  since  there  may  also  be  a  variation  in  the  quality  of  the 
product  that  it  is  desired  to  obtain,  it  follows  that  no  one  machine  or  set  of 
machines  will  be  suited  to  all  deposits.  For  example,  brick  clays  will  not  re- 
quire such  careful  treatment  as  fine  kaolin. 

For  the  preliminary  crushing,  when  practiced,  the  best  machine  seems  to 
be  the  'Mry  pan"  which  is  an  edsrestone  mill  with  a  perforated  bottom  through 
which  the  crushed  material  is  discharged.  Rolls  have  been  used  but  are  not  so 
satisfactory.  Instead  of  crushing  the  material  the  same  result  may  be  obtained 
by  "weathering^'  it,  that  is  spreading  it  out  in  thin  layers  and  letting  it  be 
acted  on  by  air,  water  and  frost  for  several  months. 
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The  disintegrating  or  washing  machines  proper  may  be  divided  into  two 
classes,  the  basin  washers  and  the  horizontal  washers.  The  basin  washers,  of 
which  there  are  several  types,  all  consist  of  a  cylindrical  basin  2  or  3  fet 
deep  and  10  or  12  feet  diameter,  in  the  center  of  which  is  a  revolving  vertii-a! 
shaft  to  which  are  attached  radial  arms  carrying  vertical  stirrers.  A  sectional 
view  of  a  basin  washer  together  with  the  centrifugal  pump  which  lifts  the 
overflowing  slime  to  the  settling  tanks  is  shown  in  Fig.  525.  The  action  of 
the  stirrers  and  the  water  thoroughly  disintegrates  the  material  and  the  clay 
and  very  fine  sand  overflow  with  the  water,  while  all  coarse  impurities  settle 
to  the  bottom.  The  machines  may  be  run  with  continuous  feed  or  overflow  or 
they  may  be  charged  and  discharged  intermittently.  Their  disadvantages  are: 
(1)  they  have  to  be  stopped  periodically  to  remove  the  accumulation  of  eoarj^e 
material  in  the  bottom  unless  they  are  equipped  with  continuous  bucket  elevator? 
for  this  purpose;  (2)  the  water  has  to  do  a  considerable  part  of  the  work  and 
the  machine  works  slowly.  The  horizontal  washers,  called  slumming  machines, 
include  special  forms  of  horizontal  log  washers  and  wash  trommels  which  have 


FIG.  525. — SECTION  OF  A  BASIN  WASHER. 

the  material  fed  at  one  end  and  the  fine  clay  and  water  overflow  at  the  other. 
The  impurities  are  left  in  the  machine  to  be  cleaned  out  periodically.  The 
capacity  of  washing  machines  varies  from  30  to  300  cubic  meters  per  hour. 
For  best  results  the  feed  and  the  water  should  be  kept  as  constant  as  possible 
in  order  to  have  the  outflowing  slime  of  the  same  consistency. 

The  slime  from  the  washers  usually  passes  first  through  a  screen  to  remove  anv 
floating  sticks,  etc.,  and  then  it  is  carried  in  troughs  to  the  settling  tanks.  If 
the  slime  is  of  the  proper  quality  as  it  leaves  the  washer,  then  these  troughs 
are  steep  and  of  narrow  cross  section  to  act  the  part  of  launders  and  the  water 
Quantity  should  be  only  four  or  five  times  as  much  as  the  clay.  If,  however, 
the  slime  still  contains  some  fine  sand  which  it  is  desirable  to  remove,  then 
these  troughs  are  mad'o  with  slight  slope  and  of  good  width  being  best  divided 
into  sections  with  each  succeeding  section  double  the  width  of  the  preeedine 
and  having  longitudinal  partitions  to  keep  the  current  uniform.  Tn  this  last 
case  the  water  quantity  is  higher,  up  to  thirty  times  as  much  as  the  clay,  and 
the  fine  sand  settles  out  just  as  in  a  run. 
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The  settling  of  the  clay  is  done  in  tanks  or  pits.  The  simplest  form  is  an 
earth  excavation  with  a  sandy  bottom  to  soak  away  the  moisture.  For  fine 
grades  of  clay  tanks  of  wood,  stone,  brick  or  cement  are  used,  sometimes  of 
porous  bricks.  Small,  shallow  tanks  have  the  advantage  that  the  clay  dries 
more  quickly  in  them  and  the  time  of  filling  and  emptying  them  is  less.  Ijarge 
dpep  tanks  have  the  advantages  that  so  much  area  is  not  required,  and  the 
product  will  be  of  a  more  uniform  grade.  The  settling  of  the  clay  is  hastened 
in  some  plants  by  putting  a  few  pieces  of  alum  on  the  screen  through  which 
the  slime  passes  as  it  leaves  the  washer. 

In  filling  the  tank  the  slime  should  not  be  fed  at  one  place,  but  should  be 
distributed  uniformly  so  as  to  make  the  settlings  uniform.  When  the  water 
has  settled  clear  it  is  drawn  off  by  removing  plugs  in  the  side  of  the  tank.  The 
depth  of  the  clay  deposit  in  the  tanks  varies  from  8  to  20  inches.  German 
practice  fills  a  tank  from  one  to  four  times  a  year.  At  an  American  brick 
making  plant  there  was  one  slumming  machine  and  fourteen  settling  tanks  each 
with  a  capacity  of  1,200  to  1,400  cubic  feet  of  clay.  The  capacity  of  the  plant 
was  25,000  to  30^000  bricks  per  day,  and  as  1  cubic  foot  of  clay  yields  twenty . 
bricks,  each  tank  must  have  been  filled  and  emptied  every  fourteen  days. 

The  drying  of  the  cheaper  grades  of  clay  is  done  by  turning  it  over  by  shovel 
from  time  to  time  in  the  tanks,  and  when  it  is  nearly  dry  it  is  removed  to 
racks  to  finish  the  drying,  or  to  some  form  of  drier  using  heat.  The  more 
valuable  grades  will  allow  the  use  of  filter  presses  and  driers. 

The  sand  which  is  separated  out  from  the  clay  is  often  valuable,  being  used 
to  make  ground  flint  for  potteries  or  to  make  silica  brick.  It  is  not  possible 
to  remove  all  fine  scales  of  mica  by  this  washing  process.  At  one  plant  this 
diflBculty  was  overcome  by  screening  the  dried  material  on  fine  bolting  cloth. 

At  the  kaolin  deposits  of  Cornwall  and  Devonshire,  England,  it  is  common 
to  have  a  small  vertical  shaft  in  the  kaolin,  connected  with  another  larger  shaft 
outside  of  the  deposit  by  means  of  a  tunnel  at  the  bottom.  In  the  small  shaft 
is  placed  a  wooden  pipe  having  in  one  of  its  sides  four  1-inch  holes,  12  inches 
between  centers  vertically,  and  the  space  outside  the  pipe  is  filled  with  clay 
rammed  down.  A  small  pit  is  dug  about  the  upper  end  of  the  pipe  and  the 
kaolin  is  washed  into  this  pit  from  all  sides  by  running  water,  the  material 
being  first  loosened  with  picks.  The  heavier  sand  (from  3  to  8  tons  to  each 
ton  of' kaolin)  settles  in  the  pit  an-d'  is  regularly  removed  in  a  car,  while 
everything  else  passes  through  the  holes  of  the  wooden  pipe,  down  and  through 
the  tunnel,  and  is  then  pumped  up  the  large  main  shaft  and  sent  to  the  troughs 
•  and  settling  tanks.  Where  the  lay  of  the  land  will  permit,  the  pulp  runs  out  of 
the  tunnel  by  gravity  to  the  troughs;  and  a  second  shaft,  made  near  the  first, 
instead  of  at  some  distance,  is  used  to  deliver  the  coarse  sand  from  the  pit  into 
the  tunnel  and  away  to  a  dumping  ground.  The  troughs  are  called  "micas,"  and 
are  1  to  2  feet  wide,  about  6  inches  deep  and  20  feet  or  more  long.  The  slime 
or  "slip"  runs  first  into  one  trough,  which  discharges  into  two  other  troughs 
of  the  same  dimensions,  and  so  on.  The  troughs  have  plugs  in  their  bottoms 
to  draw  off  the  sand  and  mica  periodically.  The  settling  tanks  are  circular 
and  are  sometimes  30  to  40  feet  in  diameter  and  7  to  10  feet  deep.  On  the 
side  opposite  the  inlet  there  is  a  gate  having  a  vertical  set  of  holes  which  serve 
as  overflow  for  the  clarified  water.  As  the  dJeposit  of  kaolin  builds  up,  these 
holes  are  successively  plugg^pd.  When  a  tank  is  full  of  kaolin  the  "slip"  is 
turned'  into  another  tank  and  the  gate  on  the  discharge  side  of  the  first  tank 
is  removed.  This  allows  the  upper  liquid  part  of  the  deposit  to  run  into  a 
large,  square  draining  tank,  and  the  rest  is  discharged  by  hoes  with  the  aid 
of  a  small  stream  of  water.  It  is  allowed  to  drain  to  the  eonsistencv  of  cream 
cheese,  when  it  is  removed  to  a  drier,  which  consists  of  porous  tiles  laid  over 
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heated  horizontal  flues,  or  in  soine  eases  it  d'rains  in  the  tank  until  it  is  fctiff 
enough  to  be  cut  into  bricks  which  are  removed  and  dried  on  racks,  which  a:e 
roofed  over,  but  are  open  at  the  sides. 

§  786.  Corundum  and  Emery  Dressing. — The  problem  here  is  to  remove 
the  impurities  and  at  the  same  time  preserve  the  sharp  edges  and  comers  of 
the  mineral  grains.  The  usual  method  of  procedure,  after  the  'preliminary 
breaking,  is  to  treat  the  material  by  the  so-called  "muUer"  process,  using  a 
form  of  washing  pan  with  wooden  rollers  (see  §  265)  the  action  of  which  is 
the  grinding  of  one  particle  against  another,  whereby  the  talc,  chlorite,  mica, 
etc.,  are  worn  ofif  from  the  harder  mineral,  and  removed  by  a  stream  of  water. 

At  the  works  of  the  International  Emery  and  Corundum  Company,  Corundum 
Hill,  North  Carolina,**'  the  material  is  that  known  as  sand  corundum,  being 
mostly  fine  sand  with  some  pieces  1  inch  or  more  in  diameter.  The  gangue  is 
soft  chlorite  and  vermiculite  plates  and  scales.  The  first  step  is  to  subject  the 
ore  to  the  scouring  action  of  a  stream  of  water  as  it  is  being  sluiced  \\  miles 
from  the  mine  to  the  mill.  This  action  is  increased  by  several  vertical  drops 
of  5  to  10  feet  in  the  sluice.  After  reaching  the  mill,  what  will  not  pass  through 
a  14-mesh  screen  is  crushed  in  rolls  until  it  will  pass  through,  and,  with  the 
undersize  of  the  screen,  is  stirred  with  hoes  in  a  washing  trough  which  washes 
off  the  light  stuff  to  waste.  The  final  cleaning  of  the  residue  is  done  by  the 
"muUers"  mentioned  above.  The  concentrates  of  these  are  drained,  dtied  and 
sized  on  a  l^-fnesh  screen,  and  the  undersize  is  shipped  to  the  emery  mill  at 
Chester,  Massachusetts,  described  below,  where  it  is  graded  into  sizes  for  the 
market ;  the  oversize  of  14  mesh  goes  back  and  is  put  through  the  mill  again. 

At  this  same  place  the  hloch  corundum  occurs  mixed  with  tough  hornblende, 
feldspar  and  gneiss.  The  few  large  blocks  are  broken  by  heating  and  quenchinsr 
with  water,  and  all  is  crushed  by  breakers  and'  rolls  to  pass  through  a  14-mesh 
screen.  It  then  goes  to  a  form  of  double  horizontal  log  washer,  called  an  "auger,'' 
fed  at  the  middle  and  discharging  at  both  ends.  From  this  point  on,  the 
treatment  by  washing  troughs,  *'mullers,"  etc.,  is  exactly  the  same  as  in  the 
preceding  case,  and  it  is  also  shipped  to  Chester  for  grading. 

Some  corundum  mills  are  built  along  the  style  of  simple  jigging  mills.  The 
mill  of  the  Canada  Corundum  Company,  Limited,  in  Raglan  township,  Ontario, 
is  as  follows :  The  ore,  which  contains  the  corundum  associated  with  magnetite 
and  mica  in  a  feldspar  gangiie,  comes  to  (1). 

1.  No.  1  or  mill  bin.     To  (2). 

2.  A  Gates  breaker,  No.  2.  By  No.  1  bucket  elevator  to  No.  2  or  ore  bin  and 
thence  to  (3). 

3.  From  (2)  and  (4).  One  pair  of  Gates  Economic  rolls,  24X14  inches. 
By  No.  2  bucket  elevator  to  (4). 

4.  One  No.  1  trommfl.  Sectional  with  5,  8  and  11-mm.  holes.  Over  11  mm. 
to  (3)  ;  through  11  on  8  mm.  to  (7) ;  through  8  on  5  mm.  to  (8) ;  through  6  ram. 
to  (5). 

5.  One  No.  2  troniniiol.  Sectional  with  1.5  and  3-mm.  holes.  Over  3  mm. 
to  (9)  ;  through  3  on  1.5  mm.  to  (10)  :  through  1.5  mm  to  (6). 

6.  Classifier.     Spigot  to  (14)  ;  overflow  to  slime  tank. 

7.  From  (4).  No.  1  Harz  jig  using  9J-mm.  sieves.  Concentrates  to  (11) : 
tailings  to  waste. 

8.  From  (4).     No.  2  Harz  jig  using  fi^-mm.  sieves.     Products  like  (7). 

9.  From  (5).     No.  3  hi)g:h  speed  jigf  using  4-mm.  sieves.     Product  like  (7). 

10.  From  (5).     No.  4  high  srx^ed  jis:  \\<'ms  2J-mm.  sieves.     Products  like  (TV 

11.  From  (7),  (8),  (9).  (10),  (12),  (18).  'One  pair  of  high  speed  Colawdu 
rolls,  30  X  6  inches.     To  (12). 
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12.  One  No.  3  trommel  with  1  and  1.6-mm.  holes.  Over  1.5  mm.  to  (11) ; 
through  1.5  on  1  mm.  to  (13) ;  through  1  mm.  to  (14). 

13.  Wilfley  table.     Heads  to  (15) ;  tailings  to  waste. 

14.  From  (G)  and  (12).     Bartlett  table.     Heads  to  (15)  ;  tailings  to  waste. 

15.  From  (13)  and  (14).     Drier.     To  (16). 

16.  Magnetic  separator.     Magnetite  to  waste;  corundum  to  (17). 

17.  Splitters  (screens)  with  30,  80  and  90-mcsh  holes.  Over  30  mesh  to  (18) ; 
through  30  on  80  mesh  to  (19) ;  through  80  on  90  mesh  to  (22) ;  through  90 
mesh  to  (21). 

18.  Graders  (screens)  with  12,  14,  16,  20  and  24-mesh  holes.  Over  12  mesh 
to  (11) ;  the  rest  of  the  sizes  are  finished  products. 

19.  From  (17).  Graders  (screens)  with  30,  36,  46,  54,  60  and  70-mesh  holes. 
Sach  size  separately  to  (20). 

20.  Hooper  jig.     Heads  are  finished  products;  tailings  to  waste. 

21.  From  (17).  Graders  (screens)  with  90,  100,  120,  150,  180  and  200-mesh 
holes.     Each  size  separatelv  to  (22). 

22.  From  (17)  and  (21).    Wilfley  table.     Heads  to  (23);  tailings  to  waste. 

23.  Drier.     To  (24). 

24.  Graders  (screens)  with  80,  90,  100,  120,  150,  180  and  200-mfesh  holes. 
Finished  products. 

The  output  is  about  three  tons  of  concentrates  per  day. 

At  the  emery  mine  of  the  International  Emery  and  Corundum  Company  at 
Chester,  Massachusetts,  the  emery  occurs  associated  with  chlorite  and  talc  schists 
and  magnetite.  The  crushing  is  done  by  spalling  followed  by  a  Blake  breaker 
and  two  pairs  of  rolls,  the  last  one  of  which  puts  the  stuff  through  a  limiting  sieve. 
During  the  spalling  some  barren  rock  is  picked  out  to  waste.  The  scouring  or 
washing  is  done  by  the  "mullers."  The  grading  of  the  concentrates  after  they 
have  been  drained  and  dried  is  done  by  nine  screens.  Three  of  the  screens  divide 
the  material  into  four  sizes  and  then  each  of  the  three  finer  sizes  is  further  sub- 
divided by  two  screens  into  three  sizes,  thus  making  a  total  of  ten  sizes.  Each 
size  receives  a  winnowing  treatment  with  an  air  blast  to  remove  the  chlorite  and 
also  a  treatment  by  a  magnet  to  remove  the  magnetite. 

In  general  the  grading  of  emery  and  corundum  is  to  make  usually  twenty- 
four  sizes  ranging  from  8  mesh  to  100  mesh.  The  stuff  is  usually  first  divided 
at  about  ^60  mesh  and  the  oversize  and  underaize  are  further  subdivided.  In 
addition  to  the  final  cleaning  by  winnowing  and  magnetic  treatment  the  finer 
Rizes  are  often  cleaned  by  ehitriation.  For  this  there  is  a  series  of  metal  cylinders 
about  three  fe€ft  high  aniS  ranging  from  three  inches  diameter  for  the  first  to  forty 
inches  for  the  last.  The?e  are  filler!  with  water  and  connected  by  pipes  near  their 
upper  edges.  The  material  is  made  to  flow  over  the  tops  of  these  beginning  with 
the  smallest  just  as  in  a  box  classifier.  Stuff  will  settle  in  each  cylinder  and 
form  a  stratum  of  heavy  corundum  overlaid  with  a  stratum  of  light  waste.  By 
draining  off  the  water  this  stratified  cake  can  be  taken  out  whole  and  divided  by 
a  knife  into  clean  product  and  waste. 

S  787.  Asbestos  Dressing. — Around  Thctford  in  the  Province  of  Quebec, 
Canada,  is  located  a  large  asbestos  industry.  The  asbestos  is  the  fibrous  form  of 
serpentine  called  chrysotile  and  occurs  in  veins  in  serpentine.  It  is  mined  in  open 
pits  and  the  waste  rock  and  the  valuable  material  are  hoisted  out  separatelv,  the 
former  going  to  the  waste  dump  and  the  latter  to  the  dressing  works.  In  the 
simplest  plants  the  ore  undergoes  onlv  a  cobbing  to  remove  the  waste  rock  and  to 
make  two  or  three  srrados  of  marketable  product.  Manv  mills  are  more  elaborate 
and  that  at  Kings  Brothers*  Mines  at  Thetford*^**  is  as  follows : 

The  waste  rock  is  hoisted  and  trammed  to  (1).  the  valuable  material  is  hoisted, 
trammed  to  a  self-dumping  skip  and  thence  raised  and  dumped  in  front  of  (2). 
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1.  Waste  dump.     Boys  cob  this  material  and  recover  some  asbestos  to  (10). 

2.  Blake  breaker,  crushing  to  j  inch.  "To  (3). 

3.  Inclined  screen  with  l.G-mm.  g^quare  holes.  Oversize  to  (4)  ;  undersixe 
probably  to  waste  dump. 

4.  A  traveling  belt  picking  table  with  a  division  along  the  center.  Barren 
rock  from  one  side  to  waste  dump ;  valuable  rock  from  other  side  to  (5). 

6.  A  pair  of  rolls  with  loose  springs.     To  (6). 

6.  A  series  of  three  inclined  shaking  screens  having  1.6-mm.,  12.7-mnL,  and 
19.1-mm.  holes.  Over  19.1  mm.  (No.  1  asbestos)  to  (10);  through  19.1  on 
12.7  mm.  (No.  2  asbestos)  to  (7)  to  secure  a  more  uniform  product;  through 
12.7  on  1.6  mm.  (Xo.  3  asbestos)  to  (10) ;  through  1.6  mm.  ("waste''  aab^toe) 
by  chain  elevator  to  (10). 

•7.  A  screen  with  6.35-mm.  holes.     Oversize  to  (8) ;  undersize,  probably  "waste** 
asbestos,  to  (10). 

8.  Cyclone  pulverizer,  to  (9). 

9.  Screening  and  suction  apparatus  (see  §601)  using  an  11-mesh  screen. 
Oversize  ("fibre/*  amounting  to  about  35%)  to  (10);  undersize  (about  65%) 
barren  rock  to  waste  dump. 

10.  From  (1),  (6),  (7),  (9).  The  difiFerent  grades  are  used  as  follows:  No. 
1  has  the  longest  fibre,  and  is  especially  valuable  for  spinning ;  No.  2  is  also  used 
for  spinning;  No.  3  is  used  for  the  manufacture  of  mill  board,  etc. ;  *^Vaste*'  ha^i 
a  larger  proportion  of  sa-nd  and  is  used  for  bricks,  cement,  etc. ;  "Fibre''  is  very 
soft  and  is  used  for  steam  packing,  etc.  These  products  mav  be  put  through  a 
combing  machine  consisting  of  a  pair  of  toothed  rolls  which  have  a  sidewise  mo- 
tion in  relation  to  one  another  as  well  as  the  revolving  motion  and  this  removes 
some  more  of  the  waste  rock. 

The  average  of  the  district  is  about  one  ton  of  asbestos  from  100  tons  of  rock. 
The  rock  left  in  the  asbestos  varies;  in  one  grade  it  ranged  from  5  to  40%. 

§  788.  Diamond  Washing. — The  seat  of  the  greatest  diamond  mines  in  the 
world  is  around  Kimberley  in  South  Africa,  and  the  industry  is  under  the  con- 
trol of  the  De  Beers  Consolidated  Mines.  The  "blue  ground"  in  which  the  Kim- 
berley diamonds  occur  is  called  ^^mberlite."  Its  matrix  though  difficult  to 
determine,  is  probably  an  altered  peridotite,  and  the  chief  minerals  imbedded 
in  it  in  addition  to  the  diamond  are  garnet,  olivine,  mica,  ilmenite,  calcite,  zircon, 
magnetite,  and  occasionally  pyrite.  Sometimes  also  fragments  of  black  slate 
are  found.  On  exposure  to  the  air  the  rock  disintegrates,  especially  if  wetted, 
and  on  this  property  is  largely  based  the  method:  of  treatment.  The  ore  hoisted 
to  the  surface  is  dumped  into  trucks,  each  holding  20  cubic  feet,  and  hauled  by 
endless  wire  rope  haulage  to  the  "floors"  (see  §616).  The  De  Beers  "floors" 
are  divided  into  sections  each  600  yards  long  and  200  yards  wide,  holding 
50,000  loads.  A  load  is  16  cubic  feet  or  about  1,600  pounds  and  makes  a  layer 
10  inches  dieep  over  an  area  of  about  21  square  feet.  The  weathering  takes  about 
a  year  for  rock  from  the  De  Beers  mine»  but  only  about  half  this  time  for  rock 
from  the  Kimberley  mine.  The  weathered  rock  ("yellow  ground")  goes  to  one 
mill  while  the  remaining  unweathered  lumps  of  hard  'n[)lue"  go  to  another  mill. 

At  the  Kamfersdam  mill  which  is  treating  weathered  rock  the  material  is 
dumped  over  grizzlies  with  3-inch  spaces.  The  oversize  goes  through  Comet 
breakers  and  with  the  undersize  passes  with  water  through  double  sets  of  rolk 
These  rolls  are  48  inches  diameter,  30  inches  corrugated  face  and  make  45  revo- 
lutions per  minute.  The  upper  rolls  of  each  set  are  !•}  inches  apart  and  the 
lower  are  J  inch  apart.  The  product  is  elevated  to  trommels  with  ^-inch  holes, 
the  undersize  of  which  goes  to  the  upper  row  of  washing  pans  (see  §  265)  while 
the  oversize  goes  to  the  fine  rolls  tosrother  with  the  tailingrs  from  these  pan?. 
These  rolls  are  72  inches  diameter,  30  inches  face  and  set  fV  ^^^^  apart    They 
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deliver  by  a  bucket  elevator  to  a  second  row  of  washing  pans  or  safety  pans  which 
make  tailings  to  waste,  and  concentrates,  which,  together  with  the  concentrates 
from  the  upper  row  of  pans,  go  to  the  "pulsator  house."  Some  of  the  plants  use 
only  one  set  of  pans. 

The  hard  "blue"  which  will  not  disintegrate  on  the  "floors"  is  treated  in  a 
separate  mill.  In  the  De  Beers  plant  for  this  purpose  the  rock  is  broken  to  2 
inches  in  Comet  breakers  and  goes  thence  to  trommels.  The  oversize  goes  to 
circular  sorting  tables  to  guard  against  large  diamonds  being  crished,  though  no 
diamonds  of  any  consequence  have  been  picked  out  on  these  tables.  Following 
the  tables  is  a  series  of  rolls,  trommels  and  jigs,  the  prevailing  jig  sizes  being 
S»  i>  f>  i  aiid  i  inch.  In  each  case  the  hutch  products  of  the  jigs  go  through 
rolls  to  finer  jigs.  The  tailings  of  the  jigs  are  waste.  This  mill  treats  about 
S>00  tons  of  rock  per  day  and  sends  8  or  9  tons  to  the  "pulsator  house." 

In  the  "pulsator  house"  the  concentrates  from  the  washing  pans  and  hard 
'^lue"  jigs  are  sized  in  trommels  having  holes  f ,  J.  ^,  |  and  ^  inch  diameter. 
Everything  larger  than  f  inch  is  hand  picked ;  everything  smaller  than  ^^  inch  is 
thrown  away.  The  intermediate  sizes  are  jigged  through  beds  of  lead  bullets. 
The  tailings  of  these  jigs  are  waste  and  the  hutches  go  to  the  picking  house,  the 
amoimt  of  the  concentrates  being  250  pounds  from  100  tons  of  mine  ore. 

In  the  picking  house  the  diamonds  are  recovered  from  the  concentrates  cither 
by  hand  picking  or  by  greased  tables  (see  8(U7).  The  pickedi  diamonds  are 
washed  in  sulphuric  or  nitric  acid  and  then  sorted  according  to  color. 

The  New  Bulfontein  Diamond  Company,  which  erected  a  plant  to  treat  the 
rock  direct  without  preliminary  weathering,  found  that  in  the  direct  treatment 
some  of  the  diamonds  were  broken  in  the  rolls  and  the  tailings  contained  30% 
more  diamonds  than  where  the  material  had  been  previously  weathered. 

The  report  of  the  De  Beers  Consolidated  Mines  for  the  year  ending  June  30, 
1900,  shows  the  following:  loads  of  blue  ground  hoisted,  2,653,784;  loads  of 
blue  ground  washed,  2,259,037 ;  loads  on  floors  at  close  of  year,  4,062,908 ;  dia- 
monds found,  carats,*  1,221,727;  carats  per  load  of  "blue,"  0.54;  per  cent,  dia- 
monds in  the  ore,  0.000015.  This  is  only  about  one-half  the  production  of  the 
previous  year  owing  to  the  Boer  war. 

Other  precious  stones  are  recovered  in  some  parts  of  the  world  by  a  simple 
washing  process.  For  example,  in  Montana  sapphire  bearing  rock  is  first  dis- 
integrated by  weathering  and  then  screened  and  washed  in  sluices  containing 
riffles.  The  concentrates  from  the  sluices  are  further  concentrated  in  a  rocker 
and  the  product  of  this  is  hand  panned  and  hand  picked. 

8  789.  Tin  Dressing. — ^This  metal  usually  occurs  as  oxide  in  the  form  of  cas- 
siterite  or  tinstone,  the  specific  gravity  of  which  is  sufficiently  high  to  admit  of 
an  easy  separation  of  the  mineral  and  gangue. 

Cornwall  is  the  seat  of  the  oldest  tin  dressing  operations.  Here  the  cas- 
sitcrite  is  associated  with  arsenopyrite,  pyrite,  chalcopyrite  and  wolfram  in  a 
hard  gangue  of  quartz,  chlorite  and  schist.  The  scheme  is  to  first  remove  the 
gangue,  second  to  roast  the  residue  to  change  the  sulphides  to  light  oxides  or  sul- 
phates, and  finally  to  wash  again,  leaving  a  residue  of  cassiterite  and  wolfram. 
The  latter  is  generally  not  present  in  sufficient  quantity  to  do  much  harm.  Vari- 
ous processes  have  been  tried  for  its  removal  but  without  great  success.  The  most 
successful  was  to  roast  with  sodium  carbonate,  and  leach  out  by  water  the  sodium 
tungstate  which  was  recovered  and  sold.  Any  arsenic  in  the  ore  is  changed  to 
oxide  and  volatilized  during  the  roasting,  and  then  condensed  in  chambers. 
When  copper  is  present,  which  is  rare,  the  roasting  changes  it  to  sulphate  which 
is  leaehed  oirt  by  water  and  precipitated  on  scrap  iron. 

*  One  pudpe  7rp;r  contains  151.5  carats. 
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An  outline  of  the  Levant  mill,  St.  Just,  Penzance,^^^  will  serve  to  illustrate  the 
process : 

1.  The  ore  is  broken  by  rolls  to  the  size  of  the  fist,  hand  picked  to  remove  waste, 
and  to  make  different  grades  varying  in  richness,  and  then  crushed  in  gravity 
stamps.     The  stamped  material  goes  to  (2). 

2.  Round  buddies.     Heads  to  (G)  ;  middlings  to  (3)  ;  slimes  to  (11). 

3.  Round  buddies.     Heads  to  (6)  ;  middlings  to  (4)  ;  slimes  to.  (11). 

4.  Round  buddies.     Heads  to  (6)  ;  middlings  to  (5)  ;  slimes  to  (11). 

5.  Round  buddies.     Heads  to  (6) ;  tailings  to  waste;  slimes  to  (11). 

6.  From  (2),  (3),  (4),  (5)  separately.  Kieves.  Bottoms  or  heads,  contain- 
ing 6  or  7%  copper  and  10  or  12%  tin,  to  (8) ;  tops  to  (7). 

7.  Round  buddies.     Heads  re-treated  on  kieves;  slimes  to  (11). 

8.  From  (6),  (12).  Roasting  furnace.  Arsenious  oxide  volatilized  and 
caught  in  condensing  chambers;  roasted  product  to  (9). 

9.  Leaching  with  water.  So.ution  containing  copper  goes  to  scrap  iron  while 
the  suspended  slimes  are  settled  and  treated  on  frames  and  then  by  kieves  for  tin ; 
leached  residue  to  (10). 

10.  Round  huddle.  Heads  are  kieved ;  tailings  containing  5  or  0%  copper  ar? 
stamped  and  treated  on  a  round  huddle  yielding  heads  of  cassiterite  and  tailings 
of  copper  ore. 

11.  From  (2),  (3),  (4),  (5),  (7).  Settling  pits.  Settlings  treated  on 
frames  yielding  heads  to  (12)  and  tailings  to  waste. 

12.  Kieves.     Bottoms  to  (8)  ;  tops  back  to  round  buddies. 
Thfee-fourths  of  the  total  tin  concentrates  come  from  the  first  buddle.    The 

final  concentrates  or  black  tin  contain  65%  metallic  tin. 

In  general  in  this  district  spalling  is  used  instead  of  machine  breaking.  The 
spalled  ore  contains,  on  an  average,  about  1J%  metallic  tin.  The  stamps  used 
are  the  old  Cornish  gravity  stamps,  California  gravity  stamps,  or  Husband 
pneumatic  stamps,  all  using  a  screen  with  0.5  or  1-mm.  holes.  In  some  mills 
the  stamped  ore  goes  to  runs,  called  strips,  which  work  intermittently  and  yield 
heads,  middlings;  tailings  and  slimes.  The  first  three  products  are  washed  out 
separately  by  little  streams  of  water  to  the  round  buddies.  The  Dolcoath  strip** 
are  10  m.  long,  0.5  m.  wide,  and  0.5  m.  deep,  and  there  are  9  strips  for  12  stamp*, 
2  of  which  are  alwa}**  being  emptied.  At  Wheal  Grenville  spitzkasten  are  used 
to  classify  the  pulp  between  the  stamps  and  the  round  buddies.  The  buddies 
used  are  of  both  the  convex  and  concave  type.  For  recrushing  middlings 
various  forms  of  pulverizers  (Tregoning,  Bartle  and  Nicholas)  are  used  as  well 
as  stam'ps.  The  roasting  furnaces  are  generally  of  the  Brunton  revolving  type, 
sometimes  of  the  reverberatory  type. 

The  Dolcoath  mill^*'  has  recently  installed  Frue  vanners.  The  ore  is  broken  to 
IJ  inches  and  then  stamped  through  27  wire  mesh  at  the  rate  of  125  tons  per 
day.  Twelve  6-foot  Frue  vanners  receive  the  pulp  direct  from  thirty  gravity 
stamps  crushing  rich  ores,  while  fifteen  6-foot  Frue  vanners  receive  pulp  direct 
from  thirty  gravity  stamps  and  two  Husband  stamps  (each  equal  to  ten  gravity 
stamps)  crushing  poor  ores.  The  scheme  is  a  single  treatment  on  the  vanners. 
The  vanner  heads  are  roasted  and  further  washed,  while  the  tailings  are  classi- 
fied into  coarse  material  and  slimes;  the  former  goes  to  a  further  concentration 
and  pulverization;  the  latter  go  to  frames,  the  heads  of  which  are  settled  and 
re-treated  on  revolving  buddies.  The  average  vanner  concentratesi  have  50% 
black  tin  which  contains  65%  metallic  tin.  Tailings  in  this  mill  contain  three 
pounds  of  metallic  tin  per  ton  or  0.13%. 

Tailings  planis'"**  find  an  application  after  the  Cornwall  mills,  since  a  consider- 
able amount  of  slime  tin  is  lost  by  the  mill?.  These  plants  are  scattered  six 
miles  along  the  Red  river  from  the  mills  to  the  ocean.     The  mode  for  operation 
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for  slimes  is  to  dig  a  series  of  settling  pits,  100  to  250  feet  long,  6  to  10  feet 
wide  and  6  to  10  feet  deep.  The  stream  is  allowed  to  flow  into  these  and  settle. 
The  clear  water  is  drawn  off  and  used  to  drive  a  water  wheel,  and  for  the  auto- 
matic washing  of  the  frames.  The  settled  slime  is  washed  out  with  a  small 
stream  of  water  over  the  first  or  "rag**  frames,  which  yield  tailings,  back  to  the 
river;  and  heads,  which  are  washed  off  every  three  or  five  minutes  into  little 
settling  boxes.  The  enriched  material  is  then  elevated  by  scoop  wheels  to  the 
second  frames,  the  heads  of  which  are  again  treated  on  the  third  or  cleaning 
frames.  The  heads  of  the  third  frames  are  elevated  to  concave  revolving  slime 
tables.  These  are  18  feet  in  diameter,  revolve  once  in  6  or  7  minutes,  treat  3 
tons  in  10  hours,  and  yield  heads  to  be  roasted  and  again  treated  on  round  tables 
until  they  are  rich  enough  to  ship.  The  frames  are  6  or  7  feet  long,  about  6  feet 
wide,  and  slope  about  3  inches  per  foot.  The  *^rag"  frames  treat  from  i  to  2 
tons  per  day,  and  there  is  generally  one  second  frame  to  four  "rag''  frames,  and 
one  cleaning  frame  for  four  second  frames. 

Some  of  the  tailings  plants  also  treat  sands  from  the  river.  These  are  caught 
in  settling  tanks,  and  the  settled  sand  goes  to  runs  yielding  lower  part  or  tailings, 
back  to  the  river ;  and  upper  part  or  heads,  washed  to  fixed  convex  buddies.  The 
tailings  of  the  buddies  go  back  to  the  river  while  the  heads  are  pulverized  in 
rough  ball  mills  and  again  treated  on  round  buddies.  The  heads  of  these  buddies 
are  roasted.  At  the  Trevarns  (Cambom)  plant  50  tons  of  settled  sand,  yielded 
10  tons  of  stuff  to  be  pulverized  which  was  further  reduced  to  0.333  ton  to  be 
roasted.  The  roasting  and  final  washing  again  reduced  this  to  0.083  ton  of 
black  tin  containing  65%  metallic  tin. 

The  economic  results  of  the  Cornish  mills  are  very  hard  to  obtain  since  all 
products  are  estimated  by  the  vanning  shovel.  One  quotation  gives  the  amount 
saved  at  the  mill  as  89%,  that  saved  by  the  tailings  plants  as  9.3%,  and  the 
amount  finally  lost  as  1.7%.  These  figures  are  probably  better  than. is  actually 
done.*"  The  statistics  show  that  in  the  year  1890,  7,558  tons  of  black  tin  were 
produced  by  the  mills  on  the  Red  river,  and  1,302  tons  were  produced  by  the 
tailings  plants,  or,  in  other  words,  the  tailings  plants  saved  an  amount  equal 
to  17%  of  that  which  the  mills  saved.  The  author  has  been  unable  to  find  ac- 
curate data  to  show  just  how  much  tin  finally  escapes  both  the  mills  and  the 
tailings  plants  and  goes  into  the  ocean. 

At  jfount  Bischoff,  Tasmania,"*  "*  '^*  the  ore  contains  sulphide  and  oxide  of 
tin,  iron  pyrites  and  iron  oxide.  It  is  broken  to  2\  inches  by  a  jaw  breaker  at  the 
mine,  and  taken  \\  miles  to  the  dressing  works  where  it  is  crushed  by  gravity 
stamp  weighing  560  pounds,  dropping  8  inches,  and  using  screens  with  14  meshes 
per  hnear  mch.  The  stamped  ore  is  sorted  in  Rittinger  spitzlutten  into  two  jig 
sizes  and  an  overflow  product  which  is  collected  in  settling  tanks  and  fed  to  con- 
vex revolving  slime  tables.  The  jig  sizes  go  to  2-sieve  bedded  jigs  yielding  first 
hutch  which  is  smelting  ore,  second  hutch  which  is  raised  by  hydraulic  jets  to 
the  finishing  jigs,  and  tailings  which  are  cleaned  on  buddies,  the  concentrates 
of  which  are  ground  in  a  Chili  mill.  The  finishing  jigs  make  second  class  smelt- 
ing ore  and  tailings.  These  tailings  are  ground  in  a  Chili  mill  and  together  with 
the  product  of  the  Chili  mill  previously  mentioned,  go  to  classifiers.  The 
spigot  of  the  latter  goes  to  round  concave  buddies  and  the  overflow  goes  to 
revolving  slime  tables.  The  concentrates  from  these  buddies  and  tables  are 
further  cleaned  in  kieves.  The  tables  that  tivat  tlio  overflow  of  the  spitzlutten. 
make  concentrates  that  are  re-treated  on  ot'ier  tables  and  finally  kieved,  while 
the  tailings  are  led  to  settling  tanks  and  thenee  to  buddU's.  The  concen- 
trates from  the  latter  are  rebuddled  and  finally  kieved.  The  mill  contains 
75  stamps,  30  two-sieve  Harz  jigs,  39  convex  revolving:  tables  10  to  15  feet 
diameter,  and  15  concave  buddies  20  feet  diameter.     About  6,000  tons  of  ore 
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are  treated  every  month  yielding  on  an  average  2J%,  or  about  150  tons  of 
concentrates  per  month.  The  final  tailings  do  not  contain  over  0.5%  metal- 
lic tin.  Seventy-five  per  cent,  of  the  concentrates  comes  from  the  jigs,  15  to 
20%  from  the  revolving  tables  and  4%  from  the  concave  buddies. 

In  Perak  in  the  Malay  peninsula'^*^  the  cassiterite  in  placers  is  recovered  by 
trough  washers  and  hand  jigs ;  hydraulicking  and  riflie  sluices  are  also  used.  For 
treating  the  lode  tin  the  Pahang  Corporation'"*  has  a  mill  of  sixty  gravity  stamps, 
using  screens  with  80  to  120  burr  holes  per  square  inch,  each  stamp  treating 
about  2^  tons  per  day.  The  pulp  was  formerly  concentrated  by  the  old  Corn- 
ish system  but  now  the  pulp  goes  without  classification  directly  to  Frue  vanners 
with  corrugated  belts,  there  being  three  vanners  for  every  ten  stamps.  The  ore 
concentrates  contain  over  70%  metallic  tin,  the  impurities  being  oxide  of  iron, 
a  little  silica  and  tV  to  i%  copper.  The  total  loss  is  5  to  8  pounds  of  tin 
oxide  per  ton  (0.22  to  0.36%).  On  ores  with  considerable  pyrites  the  vanners 
yield  heads  with  25  to  45%  oxide  of  tin  which  go  to  calciners,  and  tailings  with 
0.13  to  0.22%  oxide  of  tin.  Two  pulverizers  grind  250  tons  of  poor  coarse  con- 
centrates per  month  which  go  to  two  Frue  vanners  with  plain  belts,  yielding 
clean  heads,  and  tailings  with  not  over  0.27%  oxide  of  tin,  when  working  on 
concentrates  with  10%  oxide  of  tin. 

In  Bolivia,'*^  the  per  cent,  of  cassiterite  in  the  ore  is  quite  high.  The  native 
system  of  concentrating  is  to  crush  by  a  Chili  mill  or  a  primitive  rocking  stone 
mill  and  concefntrate  either  on  square  buddies  or  in  washing  troughs  sometimes 
supplemented  by  hand  jigs.  In  the  mills  which  have  been  erected  by  foreigners 
the  crushing  is  done  by  stamps,  ball  mills  or  Huntington  mills,  and  the  crushed 
material  is  treated  on  jigs  and  Frue  vanners,  or  jigs  and  round  buddies;  one 
mill  uses  the  old  Cornish  system. 

BiBUOORAPHY  OP  OUTLINES  OP  M^LS. 

This  will  be  found  at  the  end  of  Chapter  XXL 


CHAPTER  XXL 

GENEEAL  IDEAS  ON  MILLING. 
This  chapter  includes  general  principles,  accounts  and  reports,  costs  and  testing. 

General  Principles. 

§  790.  There  are  certain  general  principles  which  apply  more  or  less  to  all 
mills  and  which  will  now  be  briefly  considered.  They  deal  with  such  points  in 
iho  dosiji^n,  location,  and  the  nmning  of  mills  as  are  of  especial  interest  to  the 
hraetical  ore  dresser.  The  author  will  not  consider  the  subject  at  all  fully  from 
the  point  of  view  of  the  mechanical,  civil,  or  electrical  engineer — for  such  in- 
formiition  the  reader  is  referred  to  various  treatises  on  those  subjects. 

§791.  liOCATiON  OP  Mills. — The  following  points  have  to  be  considered: 
the  distance  from  the  mine;  the  amount  and  source  of  the  water  supply  and  its 
constancy  during  the  whole  year ;  the  supply  of  fuel ;  the  position  of  the  power 
plant  for  steam  power,  water  power,  or  electricity,  as  the  case  may  be;  the  ac- 
cessibility of  supplies  and  the  shipment  of  the  products ;  the  room  for  disposal  of 
tailings;  the  room  for  future  additions;  the  safety  of  the  location  from  floods, 
snow  slides,  land  slides,  etc.  The  site  must  be  so  chosen  that  the  greatest  economy 
will  result.  For  example,  when  all  the  other  points  are  favorable  it  is  best  to 
have  the  mill  just  below  the  mine  opening.  In  case,  however,  the  mine  is  in  a 
somewhat  inaccessible  place,  it  may  be  cheaper  to  transport  the  ore  to  a  more 
accessible  spot  than  to  bring  water  and  supplies  to  the  mine. 

With  a  few  exceptions,  the  mills  visited  by  the  author  are  located  near  the 
mines,  that  is,  within  less  than  500  feet,  indicating  that  getting  the  ore  to  the  mill 
is  the  most  important  factor.  The  exceptions  are  the  T^ake  Superior  native  copper 
mills  which  are  of  sufficient  size  to  make  it  cheaper  for  them  to  haul  the  ore  from 
one  to  seven  miles  by  railroad  to  the  shore  of  the  lake  to  secure  an  ample  water 
supply,  and  also  dumping  place  for  tailings.  Some  of  the  large  Montana  copper 
mills  also  haul  the  ore  to  water;  for  example,  Mill  42  hauls  30  miles  to  water; 
]ynil  38  hauls  170  miles  to  water  and  water  power. 

§  792.  Mill  Site. — A  study  of  Figs.  511  to  524  shows  that  there  seem  to  be 
three  classes:  (1)  A  side  hill  or  terraced  site  with  a  steep  sloping  mill.  (2)  A 
flat  site  with  a  sloping  mill.    (3)  A  flat  site  with  a  flat  mill. 

The  sidle  hill  site  is  shown  in  Fig.  522a  of  Mill  84,  which  is  one  of  several  mills 
in  Utah  which  carry  this  policy  to  an  extreme,  owing  to  the  fact  that  they  have 
no  space  in  the  town  in  the  valley  below  for  either  mill  site  or  tailings  dump. 
They  are  placed  so  far  up  that  a  dumping  place  is  obtained  for  the  tailings  en  the 
hill  side  below  the  mill.  These  Utah  mills  hoist  all  the  ore  from  the  valley  be- 
low and  pump  the  water  from  a  distance,  in  one  case  3  miles,  in  another  18  miles. 
The  advantages  claimed  for  the  side  hill  site  are  that  the  ore  when  once  started 
at  the  top  of  the  mill  follows  the  various  steps  of  the  treatment  under  the  in- 
fluence of  gravity ;  that  the  machinery  is  nearer  the  ground ;  that  much  of  the  wear 
and  annoyance  resulting  from  the  use  of  elevators  in  a  mill  is  avoided ;  and  that 
the  tailings  pass  oflf  by  gravity.  The  disadvantages  are  that  the  cost  of  construc- 
tion is  considerably  greater,  since  excavations  have  to  be  made  and  retaining 
walls  built ;  that  it  is  not  so  easy  to  send  stuff  back  for  re-treatment ;  that  the  mill 
is  not  so  accessible  either  for  men  to  move  about  inside  or  for  teams  to  approach 
on  the  outside ;  that  the  site  is  inconvenient  and  inelastic,  that  is,  the  machines 
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have  to  be  arranged  in  a  more  or  less  predestined  order  and  it  is  hard  to  makt 
additions  which  shall  be  conveniently  located  with  respect  to  the  original. 

The  flat  site  with  a  sloping  mill  is  well  illustrated  by  Mill  40  (see  Fig.  51UffK 
The  advantages  of  this  form  are  that  it  saves  the  expense  of  excavating  and  build- 
ing retaining  walls ;  that  it  is  acwssible  inside  and  out ;  that  additions  can  easily 
be  made  to  it  at  any  desired  point;  that  it  requires  no  more  elevators  than  thi 
mills  built  on  a  gentle  slope.  The  disadvantages  are  that  the  ore  has  to  be  ele- 
vated as  a  rule  at  the  start ;  that  one  end  of  the  mill  has  to  be  built  up  on  a  frame 
work ;  and  that  it  may  be  necessary  to  elevate  concentrates  and  tailings. 

The  flat  mill  on  a  flat  location  is  represented  by  Mill  25  (see  Figs.  513a  and 
51t3&).  This  class  has  the  advantages  that  it  is  cheap  to  construct;  that  it  ii^ 
easily  accessible;  that  additions  can  be  easily  made;  and  that  it  is  compact  and 
covers  less  ground  than  the  other  forms.  The  disadvantages  are  that  more  ele- 
vators are  required,  which  wear  out  rapidly  and  annoy  the  mill  man  by  breaking 
down ;  that  many  of  the  machines  are  elevated  some  distance  from  the  ground : 
that  there  may  be  a  lack  of  light  on  the  under  stories;  and  that  concentrates  and 
tailings  may  have  to  be  elevated.  In  Mill  26  there  are  two  stories,  the  upper 
containing  the  ore  bins,  jigs  and  tables  with  no  overhead  machinery  to  cut  off  the 
light;  on  the  lower  story  are  the  rolls,  screens,  pumps,  classifiers,  tanks,  and  shaft- 
ing. In  this  mill  it  is  claimed  that  by  placing  all  of  the  heavy  weights  at  the 
bottom  the  heavy  framing  is  confined  to  the  lower  story.  It  is  also  claimed  that, 
although  part  of  the  stuff  is  elevated  several  times,  yet  the  total  amount  of  elevat- 
ing takes  less  by  20  horse  power  than  it  would  for  a  step  builddng. 

The  usual  form  of  con^oent rating  mill  is  a  single  story  sloping  mill  built  either 
on  a  gently  sloping  site  or  on  a  flat  location.  In  this  usual  form  the  ore  is  re- 
ceived at  a  height  which  allows  it  to  pass  through  the  crushing  machinery.  Then 
in  the  majority  of  cases  it  is  elevated  to  the  trommels  and  passes  through  the 
trommels,  classifiers,  jigs  and  fine  concentrators,  the  only  re-elevating  being  of 
middlings,  usually  after  rccnishing,  to  go  either  back  into  the  regular  system 
again  or  to  be  treated  on  separate  middling  machines.  In  a  few  exceptions  the 
middlings  pass  on  straight  without  re-elevating.  Some  of  the  mills  elevate  the 
concentrates  and  even  tailings.  There  are  also  a  few  instances  where,,  for  special 
reasons,  ore  is  elevated  at  other  points  than  those  just  indicated.  The  mill? 
seem  generally  to  obey  Rittinger's  rule  that  the  arrangement  should  be  such  that 
the  middlings  can  be  carried  forward  in  the  shortest  and  simplest  way  to  th(» 
next  following  manipulation,  and  that  they  should  not  be  allowed  to  descend 
unnecessarily  so  as  to  require  corresponding  unnecesiJary  re-elevation. 

§  793.  In  regard  to  the  site  of  foreign  mills,  the  state  of  ore  dressing  is  such 
that  a  number  of  the  mills  existing  to-day  were  designed  years  ago  when  it 
was  the  custom  to  put  the  different  departments  in  separate  buildings  covering 
some  distance  down  a  gentle  slope,  perhaps  down  a  valley,  in  some  cases  extending 
to  a  distance  of  half  a  mile  and  in.  the  tin  dressing  -works  at  Altenburg  even  a 
mile.  The  mill  at  Ammeberg,  Sweiien  (see  §674),  built  in  1859-61,  has  all 
the  machines  on  one  floor,  and  the  addition  of  new  parts  at  different  times  ha^ 
given  rise  to  a  number  of  disconnected  and  independent  departments. 

Even  in  some  comparatively  modem  mills,  this  lack  of  compactness  occurs. 
Thus,  in  the  new  dressing  works  at  Clausthal  (see  Figs.  518a  and  5186).  which 
started  in  1872,  the  plant  stretches  out  about  a  quarter  of  a  mile  in  separate 
buildings  on  terraces,  the  average  slope  of  the  site  from  beginning  to  end  being  6®. 
The  mill  at  Lauthenthal,  started  in  1874,  also  has  sepwrste  one  stovy  building 
extending  along  a  slope.  The  mill  at  Ijaurenburg  (see  Figs.  517a  and  517ft). 
is  built  on  a  slope  of  29**,  and  is  much  more  condensed.  It  ig  a  combination 
of  the  terrace  and  the  story  arrangement,  one  building  having  three  stones,  all 
+he  others  only  on^e.     Tlie  mill  at  Ramsbeck  has  also  a  compact  arrangement 
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of  buildings  of  more  than  one  story  on  a  terrace.  The  Silberan  mill  at  Ems, 
started  in  1862,  (see  Pig.  526),  is  a  single  story  mill  in  three  divisions  built  on 
a  flat  location,  while  the  new  Himmelfahrt  mill  at  Freiberg  (see  Figs.  527a 
and  5276),  built  about  1890,  is  an  example  of  a  mill  with  five  stories  built 
on  a  flat  location.     The  ore  is  raised  to  the  top  and  then  passes  successively 
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PIG.  626. — SILBERAU  MILL  AT  EMS.      8CALE=y^  SIZE. 

down  the  various  stories  under  the  influence  of  gravity.  The  Neue  Helene  mill, 
built  about  1886,  near  Beuthen  in  Upper  Silesia,  is  a  storied  mill  very  similar 
to  the  Himmelfahrt.  The  preceding  examples  indicate  that  although  many 
foreign  mills  exist  to^iay  which  cover  a  large  extent  of  territory,  yet  the  tendency 
seems  to  be  to  make  the  mills  more  compact,  that  is,  to  put  the  buildings  closely 
together  on  terraces  where  a  slope  is  available  or,  when  a  slope  is  not  available  or 
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is  insufficient,  to  make  up  for  the  lack  of  it  either  entirely  or  in  part  by  the  use 
of  stories. 

§  794.  Plant. — In  addition  to  the  mill  itself,  other  buildings  are  necessary. 
The  power  house  is,  as  a  rule,  located  in  a  little  building  joined  to  one  side 
of  the  mill.  The  carpenter  shop,  machine  shop  and  blacksmith  shop  usually 
serve  not  only  for  the  mill  but  for  the  mine,  especially  in  small  plants  where  the 
mill  is  near  the  mine.  In  some  cases,  as  at  Mill  38,  these  shops  serve  the  mill 
and  smelter.  The  three  shops  may  be  all  in  one  building  or  more  commonly 
the  blacksmith  shop    and    the    machine  shop  may  be  in  one  building  either 


1088  ORE  DBE8SINQ.  §  ?95 

together  or  separated  by  a  partition,  while  the  carpenter  shop  is  in  a  separate 
building.  As  a  rule,  these  shops  are  not  very  elaborate,  their  equipment  b<  ing 
generally  confined  to  one  or  more  drills,  lathes  and  planers,  and  perhaps  a 
milling  machine.  As  an  example  of  practice,  Mill  b\)  hai>  the  three  j?hops  ail 
in  one  building  30  X  120  feet  in  size  and  this  contains  lathes,  planers,  drills 
presses,  etc.  Mill  66  has  a  foundry  as  part  of  its  plant.  This  mill,  however, 
is  owned  by  a  company  which  possesses  others  in  the  vicinity  and  hence  the 
foundry  can  not  be  said  to  belong  exclusively  to  this  mill. 

The  assay  oflSce  is  usually  a  separate  building  or  it  is  in  the  building  with 
the  superintendent's  office  and  the  civil  engineer's  office.  It  should  never  be 
located  in  the  mill  on  account  of  the  jar  being  bad  for  the  balances.  It  may 
serve  both  mine  and  mill  or  mill  and  smelter,  or  all  three,  depending  on  their 
relative  location.  Unfortunately  an  assay  office  is  not  considered  essential  by 
some  mill  men  and  no  provision  is  madte  for  it.  This  the  author  believes  to 
be  a  mistake  since  the  assay  office  used  in  connection  with  systematic  sampling 
and  testing  will  in  the  majority  of  cases  make  a  saving  far  beyond  the  cost  of 
its  maintenance.  In  addition  to  the  preceding  buildings,  a  storehouse  is  also 
frequently  included  in  the  plant.  Mill  59  has  an  office  of  stone,  which  contains 
the  general  and  private  offices  for  the  mill  and  mine,  and,  in  addition,  map, 
drafting,  assay,  retort  and  melting  rooms  with  part  of  the  basement  used  as  a 
storeroom  for  issuing  supplies. 

§  795.  CoNSTBUCTiON  OF  MiLL  BUILDINGS. — ^Thc  most  important  thing  is 
solidity.  The  special  points  to  be  considered  are :  ( 1 )  Strong  foundations  to  stand 
the  weights  of  the  ore  bins  and  heavy  machinery  and  vibration  from  the  latter. 
(3)  Framing  of  sound  materials  and  well  put  together  for  the  same  reasons. 
(3)  Floors  double,  made  tight  and  with  a  slight  slope  in  one  direction  toward 
a  catch  launder  and  sump  to  prevent  accumulation  of  pools  of  water  and  also 
to  allow  ease  of  cleaning  and  catching  anything  of  value  which  may  have  been 
spilled  thereon.  (4)  Walls  and  roofs  tight  to  keep  out  cold  and  wet  (5)  All 
possible  precautions  against  fire.  (6)  Good  light  and  ventilation.  (7)  Plenty 
of  room,  ease  of  access  to  all  parts  and  ease  of  making  repairs. 

In  Europe,  especially  in  Germany,  the  mills  are  frequently  made  of  brick 
and  stone  or  the  very  modem  ones  of  iron.  This  is  due  first  to  the  cost  of 
timber,  and  second  to  the  fact  that  mining  and  milling  are  on  a  more  permanent 
basis  there  than  in  the  United  States.  The  almost  universal  construction  in  the 
mills  visited  by  the  author  is  of  wood.  The  woods  used  in  this  country  are 
spruce  and  the  various  pines  for  soft  woods,  and  oak  or  chestnut  for  hard  woods. 
The  kind  used  depends  chiefly  on  availability,  provided  it  is  sufficiently  durable. 

The  sides  of  mill  buildings  are  in  many  cases  boarded  vertically  and  the 
cracks  battened.  There  is  one  objection  to  this  method,  namely,  that  the  battens 
are  liable  to  shrink  and  leave  large  cracks  as  they  dry.  A  better  method  is 
to  double  board  the  sides,  the  boards  breaking  joint  in  every  case.  Clapboarding 
is  sometimes  used  especially  at  Lake  Superior.  The  roofs  are  almost  always 
shingled,  sometimes  double  boarded  without  shingling. 

Instead  of  boards,  corrugated  iron  is  used  to  some  extent  to  cover  the  sides  and 
roof.  It  is  stronger  and  more  durable  than  wood,  and  is  fire  proof,  thereby 
saving  high  premiums  for  insurance.  Its  disadvantage  is  that  it  makes  the 
building  hard  to  heat  in  winter,  owing  to  its  high  conductivity.  Mill  69  has 
No.  26  galvanized  iron  fastened  to  a  wooden  frame  all  built  on  a  rock  foundation 
so  that  no  timber  rests  within  4  feet  of  the  ground.  The  floors  are  of  asphalt 
laid  on  a  concrete  foundation.  An  addition  to  Mill  46  has  a  frame  of  structural 
steel  lined  with  board's  inside  and  covered  on  the  outside  with  corrugated  iron; 
Mill  92  has  a  steel  frame  covered  with  corrugated  iron.  Mill  25  (see  Fig.  5136). 
has  a  corrugated  iron  roof  on  iron  trusses  and  columns.     The  author  is  also 
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informed  that  at  the  new  large  lead  mill  of  the  St.  Louis  Smelting  and  Refining 
Company,  at  Flat  River»  Missouri,  started  in  1899,  the  framing  is  entirely  of 
iron  and  the  roof  and  sides  are  of  corrugated  iron-  The  use  of  steel  instead  of 
wood  seems  to  be  on  the  increase. 

Some  mills  are  painted  outside,  while  others  are  not.  In  the  fonner  case 
red  mineral  paint  is  the  kind  most  used,  which  not  only  helps  to  preserve  the 
wood,  but  also  aids  somewhat  in  fircproofing.  For  the  inside  of  the  mill  white- 
wash or  white  paint  is  often  used  which  makes  it  lighter. 

Sloping  floors  are  used  in  some  mills,  either  to  suit  the  slope  of  launders,  as 
in  almost  all  of  the  Lake  Superior  native  copper  mills,  or  to  ctain  away  water. 
Instances  are  given  in  Table  381. 

TABLE  381. — SLOPE  OP  FLOORS. 


MUL             1            Slope. 

Bemarks.                           | 

Floors  sloping  to  suit  laundATS.                                           | 

Ailoues 

lin   8 
lin  10 

A  natlTe  copper  milL 
See  Fig.  610a. 

40 

Floors  sloping  for  drainage. 

87 

lin  00 
lin  100 
lin   40 

Under  jigs.    See  Fig.  6106. 
Under  Kllmeteblee.    Seeing.  5166. 
Under  yanners.    SeeFig.O&o. 

17 

84 

§  796.  Power. — At  this  place  will  be  considered  only  the  general  facta  about 
the  power  used  in  the  mills.  For  the  details  the  reader  is  referred  to  the  outline 
of  each  mill  given  in  Chapter  XX.  Out  of  70  mills,  27  use  water  power  alone, 
36  use  steam  power  alone,  two*  (27  and  28)  use  electric  power  generated  from 
water,  and  four  (29,  53,  69  andf  77)  use  water  power  supplemented  by  steam 
power  whenever  water  is  not  sufficient,  especially  in  winter.  At  Mill  77,  even 
when  there  is  practically  no  water  for  power  and  the  mill  is  run  by  steam,  the 
overshot  water  wheel  is  still  run  to  keep  it  from  drying  on  one  side  and  getting 
out  of  balance.  It  also  acts  as  a  fly  wheel.  This  use  of  steam  to  supplement 
water  power  is  practiced  abroad  at  Przibram  and  Clausthal. 

The  use  of  water  power  is  applied  whenever  possible,  owing  to  its  cheapness. 
There  are  three  kinds  of  wheels:  (1)  The  so-called  impulse,  or  Hurdy  Gurdy 
wheels,  including  the  Knight,  the  Pel  ton  and  the  Dodd;  (2)  turbine  wheels 
which  act  by  pressure,  of  which  the  Leffel  is  the  most  common  in  the  mills; 
(3)  overshot  wheels,  which  act  by  gravity.  There  is  also  in  Mill  81  a  horizontal 
water  wheel,  which  in  a  way  is  an  impulse  wheel,  although  run  with  much  less 
head  than  most  wheels  of  this  class.  A  summary  of  the  impulse  wheels  in  the 
mills  shows  that  a  Pelton  wheel  is  used  in  18  mills  (30,  34,  35,  53,  56,  57,  58, 
59,  60,  61,  63,  65,  69,  71,  73,  74,  75  and  76)  ;  a  Dodd  wheel  in  two  mills  (61 
and  64) ;  a  Kjaight  wheel  in  Mill  72,  and  the  kind  is  not  stated  in  Mill  62. 
Of  the  turbine  wheels,  licffel  turbines  are  used  in  six  mills  (21,  30,  70,  85,  87 
and  88)  ;  and  Victor  turbines  in  Mill  38.  Overshot  water  wheels  are  used  in 
two  mills  (77  and  78). 

The  kind  of  wheel  to  be  used'  will  depend  chiefly  on  the  head  of  water.  The 
head  for  impulse  wheels  varies  from  60  feet  in  Mill  71,  to  900  feet  in  Mill  34. 
The  head  for  the  turbine  wheels  varies  from  18  feet  in  Mill  21  to  58  feet  in 
Mill  30.  Regarding  the  comparative  efficiencies  of  impulse  and  turbine  wheels 
there  does  not  appear  to  be  any  great  difference,  both  giving  75  or  J80% 
efficiency  under  the  best  conditions.  The  reason  that  turbines  are  not  commonly 
used  with  high  heads  is  that  as  the  head  increases   (the  power  of  the  wheel 

*  SInoe  the  above  was  written,  Mill  69  has  been  changed  to  use  electricity  and  the  water  power  is  kept  in 
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remaining  constant)  the  size  of  the  wheel  decreases  until  it  becomes  almost  toy 
size  and  its  passages  are  so  small  as  to  be  liable  to  clog.  The  speed  of  the  whet  I 
also  increases  at  the  same  time  until  the  number  of  revolutions  exceeds  the 
practical  mechanical  limit  for  good  running;  while  on  the  other  hand  the 
simplicity  of  construction,  mounting  and  running  of  a  Pel  ton  or  Dodd  whetl 
remains  the  same  for  all  heads,  the  high  heads  requiring  smaller  wheels  nf 
stronger  build.  Just  where  this  upper  limit  of  the  use  of  turbines  will  come 
will  depend  on  the  horse  power.  Mill  practice,  as  previously  shown,  seems  to 
put  it  at  about  60  feet  for  powers  below  100  horse  power.  At  Niagara  Falls, 
however,  where  the  horse  power  is  high  (5,000  per  wheel)  and  the  wheels  nuu- 
sequently  large,  they  work  under  a  head  of  140  feet. 

Another  disadvantage  of  turbine  wheels  is  that  when  run  below  their  full 
power  their  efficiency  is  considerably  lessened.  This  disadvantage  also  occur? 
in  some  of  the  impulse  wheels  owing  to  the  fact  that  the  nozzle  should  have 
a  gradual  reduction  toward  the  outlet  for  the  greatest  efficiency.  Thus  a  Knight 
wheel  has  a  sliding  tongue  which  cuts  off  part  of  a  slot  shaped  nozzle.  Soni»' 
Pelton  wheels  have  an  arrangement  for  deflecting  the  nozzle  so  that  part  of 
the  stream  strikes  outside  of  the  buckets  and  consequently  does  no  useful  work. 
In  case  the  change  is  permanent  the  efficiency  may  be  restored  by  putting  on  a 
smaller  nozzle.  Some  wheels  have  two  or  more  nozzles  acting  at  the  same 
time  and  may  be  regulated,  by  shutting  off  one  nozzle. 

At  Mill  61  an  ingenious  device  is  used  for  quickly  varying  the  power  without 
any  loss  of  efficiency.  Nozzles  of  different  sizes  with  the  proper  curves  inside  are 
arranged  so  that  any  one  of  them  can  be  rotated  in  front  of  the  water  pipe  in 
the  same  way  that  a  revolving  disk  diaphragm  is  used  on  a  microscope  or  camera. 
In  Mill  75  the  nozzles  are  made  of  rubber,  which  permits  the  size  to  be  varied 
by  an  outside  clamp. 

Just  as  the  turbine  wheels  have  an  upper  limit  of  efficiency,  so  the  impulse 
wheels  have  a  lower  limit  owing  to  the  fact  that  with  low  heads  the  velocitv 
of  the  jet  is  low  and  the  efficiency  falls  off.  This  limit  does  not  seem  to  be 
exactly  fixed.  Mill  practice  as  shown  puts  it  at  about  60  feet  head,  while  manu- 
facturers' catalogues  go  down  to  20  feet  head. 

Overshot  wheels,  even  when  of  large  size,  have  an  efficiency  somewhat  le>- 
than  impulse  or  turbine,  generally  not  much  above  60%.  They  are  also  expensive 
to  build  and  maintain,  and  occupy  a  large  space,  and  on  all  these  accounts  are 
going  out  of  use.  The  chief  point  in  their  favor  is  that  their  efficiency  doe? 
not  decrease  to  any  great  extent  when  the  amount  of  water  is  decreased.  Un.Vr- 
shot,  breast  and  current  wheels  have  low  efficiency,  and  were  not  found  in  the 
mills. 

Occasionally  it  is  possible  to  make  use  of  the  fall  of  pulp  in  a  mill.  Thus, 
in  Mill  78,  the  tailings  with  their  water  drive  the  overshot  wheel  which  runs 
the  vanner.  In  the  Martins  huddle,  which  has  found  some  application  in  Corn- 
wall'^ in  the  past,  the  feed  pulp  drove  the  revolving  parts  by  means  of  an  over- 
shot water  wheel.  As  a  rule,  this  scheme  is  not  available,  since  it  requires  a  con- 
siderable fall  of  the  pulp,  which  is  seldom  practicable.  Mill  27  takes  the  tail- 
ings water  H  miles  away  from  the  mill  and  under  525-feet  head  and  uses  it  to 
drive  Pelton  wheels  which  run  the  generators  for  furnishing  the  electric  power  to 
the  mill. 

§  797.  Steam  is  the  most  common  source  of  power  in  the  mills.  The  boilers 
are 'almost  always  of  the  fire  tube  type,  the  only  exception  noted  (although 
there  may  be  others)  being  Mill  18,  which  has  Babcock  and  Wilcox  water  tube 
boilers.  The  length  varies  from  10  to  20  feet,  but  the  most  of  them  are  Ifi 
feet.  The  diameter  varies  from  44  to  90  inches,  average  about  60  inches.  The 
pressure  used  varies  from  60  to  125  pounds  per  square  inch,  average  about  90. 
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It  is  a  practice  in  some  of  the  mills  to  have  an  excess  of  boiler  capacity.  This 
gives  a  good  efficiency  and  allows  one  boiler  to  be  shut  down  for  repairs  without 
iihutting  down  the  mill.  Where  the  water  tends  to  forin  scale  badly,  two  large 
Hues  are  sometimes  used  instead  of  a  number  of  small  tubes.  This  facilitates 
cleauing,  but  the  efficiency  is  not  quite  so  high.  The  boiler  plant  is  in  most 
eases  considerably  in  excess  of  the  engine  plant,  since  in  addition  to  steam  for 
running  the  mill  machinery  the  boilers  may  have  to  supply  steam  for  heating, 
for  drying,  for  pumping  the  water,  running  the  machine  shop,  and,  in  cases 
where  the  mill  is  at  the  mine,  for  hoisting,  running  the  compressor,  etc. 

The  form  of  engine  used  is  mostly  of  the  simple,  single  expansion,  non- 
conA^nsing  type.  These  were  found  in  31  mills  (3,  10,  12,  13,  14,  15,  16,  17, 
18,  20,  24,  25,  26,  31,  37,  43,  45,  46,  47,  48,  53,  55,  66,  68,  69,  77,  82,  86,  90,  91 
and  94).  These  include  engines  with  common  slide  valves,  piston  valves,  poppet 
valves  and  Corliss  valves;  and  engines  with  throttle  governors  and  automatic 
vwt  offs.  Compound  engines  are  used  in  seven  mills  (39,  40,  67,  83,  84,  91 
and  92).  These  include  tandem  compound  and  cross  compound,  engines  with 
receivers  and  without,  and  engines  with  condensers  and  without.  Triple 
expansion  engines  were  found  in  the  two  largest  mills  (44  and  91). 

Where  power  is  to  be  conveyed  to  a  considerable  distance,  steam  is  at  a 
disadvantage  on  account  of  loss  from  condensation.  If  the  steam  pipe  passes 
through  a  space  which  is  to  be  heated  there  is  no  harm  in  leaving  the  pipes 
uncovered,  in  "which  case  about  five  times  as  much  water  of  condensation  will 
be  obtained  as  would  if  the  pipe  were  well  covered.  A  good  steam  separator  is 
necessary  to  prevent  the  condensed  water  from  reaching  the  engine.  This  method 
of  heating  is,  however,  not  so  economical  as  the  use  of  exhaust  steam.  Steam 
pipes  should  not  be  allowed  to  touch  wood.  For  this  reason  the  hole  in  a  partition 
should  be  larger  than  the  pipe,  and  where  a  pipe  passes  near  woodwork,  sheet 
metal  shields  should  be  hung  between  the  pipe  and  the  wood.  At  Mill  83  the 
steam  pipes  are  covered  with  asbestos.  Where  dry  steam  is  needed  for  engines  at 
some  distance  from  the  boilers,  a  steam  separator  is  necessary. 

§  798.  Gas,  gasoline  and  oil  engines  were  not  found  in  any  of  the  mills  visited 
by  the  author.  The  location  of  mills  would  prohibit  the  use  of  gas  as  a  rule, 
but  there  seems  to  be  a  field  for  gasoline  and  oil  engines  in  localities  where  coal 
and  wood  are  dear  and  there  is  an  insufficient  supply  of  water  to  generate 
steam.  The  usual  precautions  to  guard  against  fire  should  be  taken.  A  plant'*^ 
of  four  gasoline  engines  has  recently  been  installed  at  the  Fuller  mines  near 
Canon,  Yavapai  County,  Arizona.  A  10-horse  power  engine  drives  the  Gates 
breaker  at  the  mine  opening,  a  38-horse  power  engine^  runs  a  10-stamp  battery 
and  the  electric  lights.  A  6-horse  power  high  speed  engine,  especially  designed 
for  steady  and  uniform  speed,  runs  the  concentrators.  A  10-horse  power  engine 
pumps  water  up  150  feet  and  through  3,100  feet  of  pipe  line  to  the  mill.  The 
four  engines  consume  about  100  gallons  of  gasoline  per  24  hours,  making  the 
total  cost  for  power  for  24  hours  about  $17. 

§  799.  Electricity  is  used  as  a  motive  power  in  two  mills  (27  and  28).  This 
is  a  comparatively  recent  method  of  transmitting  power,  the  first  application 
of  electricity  to  mining  having  been  made  at  Aspen,  Colorado,  in  1888,  and 
hence  its  use  as  yet  is  not  very  extensive.  Wherever  electricity  has  been  applied 
it  has  been  very  successful.  The  advantages  of  its  use  are  that  electric  motors 
require  less  attention  and  repairs  than  steam  engines,  and  at  the  same  time  they 
are  much  more  efficient  in  transforming  electricity  into  work  than  steam  engines 
are  in  transforming  calorific  power  of  steam  into  work.  The  loss  in  transmission 
i?^  less  with  electricity  than  with  steam.  Mill  27  will  serve  as  an  example  of 
the  saving  that  can  be  made.  This  mill  is  in  a  remote  and  somewhat  inaccessible 
place,  and  coal  costs  $10  per  ton.     By  the  use  of  a  water  power  \\  miles 
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distant  and  electric  transmission  as  described  with  the  scheme  of  this  mill  in 
§  684,  they  have  made  a  great  saving  amounting  to  the  cost  of  the  power  plant 
every  year  or  two,  and  permitting  the  profitable  working  of  the  property  ai 
times  when  it  would  not  otherwise  have  paid  expenses.  At  Silverton,  Colorado, 
a  multiphase  plant  transmits  power  three  miles  up  the  mountain  to  the  Silver 
Lake  mines  to  run  the  mill,  hoist,  air  compressor,  pumps^  blowers,  machine* 
shop  and  lights.  There  is  probably  a  saving  of  $36,000  per  vear  over  bteam 
power.  Co^  previously  cost  $8.75  per  ton  at  the  mine.  At  the  mill  a  boiler 
is  kept  warm  all  the  time  and  a  steam  engine  is  held  in  reserve  to  be  used  in 
case  of  accident. 

An  instance  is  given  of  the  location  of  an  electric  power  plant  at  a  coal  mine 
near  Madrid,  New  Mexico,  and  the  transmission  of  the  power  under  a  pressure 
of  20,000  volts  to  the  Cochiti  and  Navaho  mines  and  mills  at  a  distance  of 
about  30  miles. 

The  economical  advantage  that  electricity  has  in  machine  shops,  namely,  that 
individual  machines  running  intermittently  can  each  have  a  separate  motor 
and  thereby  save  power  over  the  use  of  one  large  central  motor,  does  not  exist 
in  concentration  plants  where  the  machines  run  continuously. 

§  800.  In  regard  to  the  question  whether  it  is  better  to  use  one  central  motor 
or  engine  or  to  use  individual  motors  in  various  parts  of  the  plant,  the  mills 
show  that  both  practices  exist.  Out  of  39  mills  using  steam  power,  33  have 
one  engine  for  the  concentrating  plant,  while  6  have  two  or  more  engines  in 
different  parts  of  the  plant.  Of  28  mills  using  water  power,  15  have  but  one 
wheel  each,  while  13  have  two  or  more.  The  advantage  of  having  but  one 
engine  is  that  of  economy.  The  effect  of  the  installation  of  the  large  triple 
expansion  engine  at  Mill  44  to  furnish  power  for  the  whole  concentration  plant, 
instead  of  using  several  small  engines,  was  to  cut  the  coal  bill  down  to  one-tenth 
its  former  size.  The  policy  of  this  company  now  is  to  have  the  lai^e  engine  for 
regular  running  and  to  have  large  single  cylinder  engines  with  early  cut  off, 
located  in  various  parts  of  the  plant,  to  be  used  as  spares  in  case  of  emergency. 

Provided  the  variations  in  load  are  not  too  great,  it  matters  not  how  many 
machines  are  operated  from  the  same  motor  as  long  as  the  motor  is  not  over- 
loaded and  as  long  as  it  has  a  good,  speed  governor.  Certain  machines,  more 
especially  the  vanners,  require  to  be  run  at  a  constant  speed.  It  is  probablv 
for  this  reason  that  the  majority  of  the  gold  stamp  mills  usimg  water  power 
have  a  separate  water  wheel  for  the  vanners.  At  Mill  71,  which  has  a  separate 
motor  for  the  vanners,  the  number  of  rotations  per  minute  of  the  shaft  driving 
the  vanners  is  shown  on  a  dial,  and  the  vanner  man  lets  on  or  cuts  down  the 
water  whenever  the  number  of  rotations  goes  below  or  above  the  normal.  Mill 
73  experienced  trouble  with  the  vanners  run  from  a  water  wheel  receiving  water 
from  a  pipe  with  pressure  varying  from  the  irregular  demands  of  other  wheels 
supplied  by  it.  As  the  rock  breakers  are  the  most  irregular  users  of  power,  tht  v 
are  in  many  mills  driven  by  a  separate  motor  at  the  mill,  or  they  are  locateci 
at  the  mine.  This  subject  of  the  location  of  the  rock  breakers  will  be  discussed 
later  in  §  821.  Mill  87  ensures  the  smooth  running  of  the  jigs,  trommels, 
vanners,  etc.,  by  driving  them  from  a  special  turbine  wheel  supplied  with  a 
governor,  while  all  the  crushing  machinery  in  the  mill  is  driven  by  another 
wheel.  In  Mills  24,  57,  65,  73,  74  and  91,  the  use  of  several  motors  is  well 
illustrated,  as  may  be  seen  by  reference  to  Chapter  XX. 

§  801.  It  will  be  of  interest  to  have  a  rough  rule  by  which  to  calculate  the 
horse  power  required  per  ton  of  ore  treated  per  24  hours.  Of  course,  this  will 
vary  in  different  mills  with  the  kind  of  ore  and  the  method  of  treating  it.  and 
it  will  even  vary  in  the  same  mill  owin^  to  slight  changes  of  velocity  or  of  the 
speed  of  feeding  and  discharge,  or  of  the  size  of  material  fed  to  the  breakers. 
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For  these  reasons  average  figures  can  have  only  a  general  value.  The  following 
are  the  figures  obtained',  the  figures  in  every  case  being  the  horse  power  required 
j)er  ton  treated  per  24  hours  by  the  mill:  One  stamg^  mill  (66)  on  cement  gravel 
uses  0.15  horse  power.  Nine  stamp  mills  on  quartz  rock  range  from  0.39  to 
lAo  horse  power,  average  0.86.  Three  combination  silver  mills  range  from 
1.82  to  3.33  horse  power,  average  2.42.  Nine  mills  containing  trommels,  jigs, 
(•la.<sifier8,  vanners,  etc.,  of  which  eight  treat  ores  containing  galena,  while  one 
treats  very  soft  pyrite  ore,  range  from  0.12  to  0.50  horse  power,  average  0.33. 
Seven  mills  similar  to  the  last,  but  on  harder  ores,  range  from  0.50  to  1.00  horse 
power,  average  0.78.  Four  Lake  Superior  mills  treating  native  copper  rock  range 
from  0.32  to  0.77  horse  power,  average  0.59 ;  this  does  not  include  the  power  used 
in  the  rock  houses  which  would  raise  the  figures  slightly.  Edison,  at  Mill  91,  by 
:i]>roial  devices  gets  the  power  down  to  0.21  horse  power  on  hard  ore.  In 
making  the  preceding  calculations  three  points  were  brought  out:  First,  as 
a  rule  about  80  or  90%  of  the  power  used  in  a  mill  is  used  in  crushing,  and 
only  10  or  20%  for  concentrating.  This  is  an  argument  for  avoiding  crushing 
whenever  possible.  Second,  the  combination  mills  using  amalgamating  pans 
require  the  most  power,  probably  owing  to  the  fine  grinding  that  is  done.  Third, 
mills  treating  galena  ore  require  less  power  than  similar  mills  treating  other 
ores. 

§  802.  Belting  is  commonly  used  for  the  transmission  of  power  short  distances. 
For  long  distances  belts  are  liable  to  have  an  unsteady  flapping  motion  which 
is  bad  for  both  the  belt  and  the  machinery.  There  are  three  chief  kinds:  leather, 
rubber  and  canvas,  the  second  being  the  most  common  in  concentrating  mills. 

Of  leather  belts,  the  best  kind  is  considered  to  be  the  oak  tanned.  The 
common  rule  for  proportioning  them  is  that  a  singh  belt  1  inch  wide  running 
at  1,000  feet  per  minute,  transmits  1  horse  power;  a  double  belt  needs  to  nm 
at  only  700  feet  per  minute,  or  even  500  feet  if  it  has  good  length,  in  order 
to  do  the  same.  Taylor,^^*  however,  says  that  to  get  the  longest  life  with 
the  least  attention  for  stretching,  a  double  belt  1  inch  wide  should  run 
at  from  950  to  1,100  feet  per  minute  to  transmit  1  horse  power.  For 
fastening  the  ends,  lacing  or  clamps  may  be  used,  or  they  may  be  scarfed, 
lapped  and  cemented  together  with  or  without  rivets.  The  last  gives  the 
strongest  joint,  but  lacing  or  clamps  are  preferable  for  new  belts  where  they 
have  to  be  frequently  tightened  to  take  up  the  stretch.  Care  should  be  taken 
never  to  put  belts  on  too  tight,  as  this  will  cause  high  friction  with  subsequent 
hot  boxes,  wear  of  oil  and  babbitt,  and  perhaps  broken  pulleys.  Taylor  recom- 
mends that  for  a  double  leather  belt  when  at  rest  the  tension  be  not  more  than 
71  pounds  per  inch  of  width,  in  order  that  the  belt  may  have  long  life.  Vertical 
belts  require  to  be  tighter  than  horizontal,  since  their  weight  does  not  help  the 
driving  friclion;  for  this  reason  they  should  be  avoided  as  far  as  possible.  To 
tedlice  friction  in  the  boxes  of  a  shaft  it  is  best  to  have  belts  running  in  both 
directions  from  it.  In  putting  on  leather  belts,  placing  the  smooth  or  flesh 
side  next  to  the  pulley  gi\Ts  the  greatest  adhesion,  but  this  leaves  the  rough  or 
grain  side  out,  which  has  less  tensile  strength  than  the  smooth  side;  the  grain 
side  is  also  harder  and  stands  the  wear  better  if  put  inside.  To  give  the 
^rroatest  arcs  of  oonta<tt,  the  under  side  of  a  horizontal  or  inclined  belt  should 
be  the  tight  or  driving  side.  To  get  the  greatest  adhesion  k^tween  the  pulley 
and  the  belt  the  surfaces  of  each  should  be  as  smooth  as  possible.  Lagging  an 
iron  pulley  with  leather  increases  the  adhesion  50%.  In  caring  for  leather 
bolts,  oil  should'  not  be  allowed  to  drip  upon  them,  as  it  shortens  the  life  of 
the  leather;  they  should  not  be  put  in  very  hot,  cold  or  damp  places.  When  thev 
become  dry  from  use  they  should  be  dressed  with  blood  warm  tallow,  which 
is  allowed  to  dry  before  the  fire  or  in  the  sun.     If  very  hard'  and  dry,  they 
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should  be  dressed  with  neats  foot  or  liver  oil  mixed  with  a  small  quantity  o: 
resin,  which  prevents  the  oil  from  injuring  the  belt  To  stop  slipping,  comnioii 
bar  soap  or  resin  is  frequently  used.  Oil  should  never  be  appli^  to  stop 
slipping,  since  its  action  is  tfiat  of  a  lubricant  and'  promotes  rather  than  prevent 
slipping. 

Rubber  belts  are  very  durable,  stand  heat^  cold  or  dampness  better,  and  ha^» 
greater  strength  and  less  slip  than  leather.  Grease  is  bad  for  rubber  belts,  a.*  i: 
(iocomposes  the  rubber.  To  preserve  them  they  may  be  painted  with  a  coin- 
po!«ition  made  of  equal  parts  of  red  lead,  black  lead,  French  yellow  and  litharp' 
mixed  with  boiled  linseed  oil  and  .japan  enough  to  make  it  dry  quickly.  If  a 
rubber  belt  slips  from  dust  or  other  cause,  moisten  the  inner  side  lightly  with 
a  little  boiled  linseed  oil  and  sprinkle  with  chalk.  A  little  dry  resin  will  oftMi 
stop  rubber  belts  from  slipping.  Vezin  holds  that  with  proper  usage  niblj  r 
belts  need  no  dressing,  and  the  compounds  generally  used  to  prevent  slip  alnn^t 
invariably  contain  grease,  which  decomposes  the  rubber,  and  at  the  same  tiim 
dirt  soon  mixes  with  the  dressing  and  forms  knobs  all  over  the  pulleys. 

To  keep  belts  at  their  proper  tightness  and  obviate  frequent  tightening,  a> 
well  as  to  give  ample  warning  of  its  necessity,  tightening  pulleys  or  idl<*r>  I* 
should  be  used,  working  preferably  on  the  slack  side  of  the  belts,  as  shown  in 

Fig.  528.  These  should  be  hinged  at  //  s«) 
that  they  may  adjust  themselves.  The  prr-^- 
sure  exerted  by  them  should  be  adjusted  bv 
weights  in  the  box  W  or  by  a  rope  and  ;i 
counterweight.  The  weight  should  corn- 
spond  to  the  size  of  the  belt  and  to  !!:• 
amount  of  its  deflection  from  a  straight  lin«'. 
^  As  the  latter  increase's  with  the  stretch  of  tl.»' 

^^"*  *^  '  •  bolt  it  becomes  necessary  to  increase  the  pn*:^- 

sure  of  the  tightener.  Ijoosc  ropes  should  be  provided  to  lift  the  tighteners  quickly 
off  the  belts  whenever  necessary.  The  best  s^plice  to  insure  smooth  runnin;: 
of  high  spe(^d  bolts  over  tighteners  is  the  scarfed,  lapped  and  coniento<l  leiithor 
belt  or  the  endless  factory  made  rubber  belt.  Where  a  laced  joint  must  l«» 
used  the  diamond  lap  splice  is  best;  for  moderate  speeds,  the  ordinary  butt 
splice  may  be  used.  According  to  Vezin,  the  total  stretch  of  a  good  holt,  whetljiT 
leather  or  rubber,  if  properly  treated  and  not  subjocted  to  excessive  strain?,  oiiirht 
not  to  be  more  than  ij  or  2%.  Taylor  says  that  the  total  stretch  of  leather 
bolting  exceodvS  ()%  of  the  original  length.    * 

The  use  of  open  belts  without  tighteners  often  involves  a  slip  of  from  2.5 
to  3%,  which  must  be  allowed  for  in  the  calculations.  With  the  use  of  well 
proportioned  belts  and  tightening  pulleys,  this  figure  is  reduced  to  0.5%,  which 
represents  the  creep  and  not  slip,  and  may  ordinarily  be  neglected. 

In  Mill  91,  p]dison  prefers  canvas  belts  sewed  together  and  soaked  in  lin?eo.] 
( il.  Rubber  bolts  are  next  best,  but  as  they  are  not  stitched  they  are  liabl*' 
to  split.  He  favors  leather  belts  the  least,  as  they  cost  too  much  and  do  Ti'>t 
wear  any  better.  Belt  clamps  are  used  for  fastening,  and  all  main  belts  havo 
tightening  pulleys  which  are  lagged.  Mill  92  uses  a  make  of  canvas  brUintr 
called  the  Gandy  (see  §  628).  The  common  opinion  in  regard  to  canvas  Wting 
is  that  it  is  not  so  efficient  in  transmitting  power  as  either  leather  or  rubber. 

The  belts  in  Mill  94  are  designed,  when  ninning.  to  have  54  pounds  tension 
p-^r  inch  of  width  on  the  tight  side  of  single  leather  or  4-ply  rubber,  and  9o 
])(ainds  for  double  leather  or  6-ply  rubl^er. 

g  803.  Rope  Transmission. — The  advantages  of  ropes  either  of  ^nre  or  hemp 
for  the  transmission  of  power  are  that  they  can  be  used  to  drive  at  any  an?l«' 
by  the  use  of  intermediate  sheaves,  and  they  always  give  warning  of  a  bn^ak. 
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Unwin^  says  that  when  transmitting  full  power  the  eflSciency  of  the  system  is 
remarkably  high.  Probably  for  moderate  distances  the  efficiency  is  greater  than 
with  any  other  mode  of  transmission.  But  the  waste  of  work  is  the  same  for 
all  loads  transmitted^  so  that  when  working  at  less  than  full  power  the  efficiency 
falls  off. 

Wire  ropes  are  usually  made  of  six  strands  with  a  hemp  center.  Each  strand 
commonly  contains  either  7  or  19  wires;  sometimes  12  or  other  numbers  are 
used.  The  19-wire  strand  is  preferable  for  power  transmission,  since  it  lasts 
longer,  owing  to  its  greater  flexibility,  although  the  small  wires  do  not  stand 
surface  wear  as  well.  The  life  of  wire  rope  is  also  diminished  by  having  short 
bends  in  it.  The  diameters  of  the  sheaves  for  7,  12  and  19-wire  strand  ropes 
should  be  at  least  150,  115  and  90  times  the  diameter  of  the  rope,  respectively. 
For  wire  rope,  the  groove  in  the  sheave  is  circular  in  section,  and  the  rope 
rests  in  the  bottom  of  the  groove  usually  on  a  filling  of  rubber,  leather  or  wood, 
to  give  higher  friction  than  iron.  For  hemp  rope,  however,  the  groove  is  made 
V-shaped,  and  the  rope  never  touches  the  bottom,  but  is  wedged  between  the 
>ide8  of  the  groove.  The  life  of  wire  rope  for  driving  is  lengthened  by  lubrica- 
tion either  with  linseed  oil  or  with  some  one  of  the  various  compositions  that  are 
on  the  market.  Care  should  be  taken  not  to  load  the  rope  excessively  since  it 
will  then  continue  to  stretch  after  the  first  stretching  customary  with  a  new  wire 
rope  has  passed,  and  thereby  cause  frequent  stops  for  retightening. 

The  limit  of  economy  of  rope  transmission  is  about  a  mile  in  distance.  Where 
long  spans  are  used,  intermediate  supporting  pulleys  are  required,  fewer  for  the 
driving  side,  however,  than  for  the  slack  side.  A  better  scheme  than  this,  how- 
ever, is  to  use  intermediate  stations  at  each  of  which  are  two  sheaves  for  contin- 
uing the  transmission  by  a  new  rope.  The  efficiency  decreases  however  as  the 
number  of  stations  increases  as  is  shown  in  Table  382,  from  Stahl.*' 

TABLE    382. — EFFICIENCY   OP    WIRE   ROPE   TRAXSMTSSION. 


Number  of  Inter- 
mediate StatJons. 

Efficiency  of 
System. 

Power  Wasted. 
Percent. 

Number  of  Inter- 
mediate Stations. 

Fffldency  of 
System. 

Power  Wasted. 
Percent 

0 

1 
8 

0.968 
0.944 
0.996 

8.8 
6.6 
7.6 

8 

4 
6 

0.906 
0.890 
0.878 

0.8 
11.0 
18.7 

In  order  that  the  rope  may  drive  satisfactorily  it  must  have  a  certain  amount 
of  deflection  or  sag.  The  proper  deflections  when  the  rope  is  at  rest  are  shown 
in  Table  383.     It  is  found  in  practice  that  it  does  not  drive  satisfactorily  on 

TABLE  383. — PROPER  DEFLECTIONS  OF  ROPE  AT  REST. 


Span  in  feet  

Deflection  in  indies. 


60 
1% 


100 
7 


150 
16H 


200 
27« 


850 
48M 


800 
68M 


860 


400 
110« 


460 
140 


spans  less  than  54  feet  unless  tightening  sheaves  are  used  on  the  slack  side  of  the 
rope.  The  usual  maximum  span  when  the  under  side  of  the  rope  is  the  driving 
side  is  about  370  feet,  but  by  using  the  upper  side  as  the  driving  side  longer 
spans  may  be  used — in  one  instance  as  much  as  1,700  feet. 

The  use  of  rope  transmission  is  quite  common  in  the  mills.  Among  the 
instances  are  the  following:  Mills  83  and  84  use  manilla  rope  transmission  for 
their  main  power  lines.  Mill  38  transmits  about  450  foet  from  the  power  house 
to  the  mill  by  wire  rope  but  uses  belts  in  the  mills.  A  proposition  to  replace 
this  by  electric  transmission  was  vetoed  as  not  effecting  any  saving  on  such  a 
short  distance.  Mill  44  has  one  central  power  house  and  uses  wire  rope  trans- 
mission to  the  various  parts  of  the  plant.  This  system  replaced  the  former  sys- 
tem of  individual  engines  in  each  department  and  thereby  reduced  considerably 
the  cost  of  power. 
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In  transmitting  power  at  Mill  94  it  is  considered  to  be  essential  that 
the  section  of  the  groove  in  which  the  wire  rope  runs  be  a  perfect 
circle;  otherwise  there  will  be  too  much  vibration  in  the  rope.  This  should  be 
at  once  remedied  by  turning  out  the  groove  with  a  gouge.  In  this  mill  no 
lubricant  is  applied  to  the  rope,  as  it  is  claimed  that  the  grease  decomposes  the 
rubber  filling  of  the  sheaves  and  gradually  destroys  it. 

In  the  Anna  dressing  works  at  Przibram  power  is  transmitted  by  wire 
ropes,  the  condemned  hoisting  ropes  from  various  shafts  being  utilized  for  this 
purpose. 

The  field  of  wire  rope  transmission  has  been  -considerably  narrowed  bv 
electricity,  and  several  instances  are  known  to  the  author  where  electricity  has 
replaced  it  in  coal  plants.  Its  disadvantages  are  that  it  is  somewhat  troublesome 
to  maintain  in  good  running  order  since  the  variation  of  length  with  the  tempera- 
ture is  not  adequately  provided  for  by  tightening  devices. 

§  804.  Gearing  has  the  advantage  that  it  affords  a  positive  motion  without 
any  chance  of  slip.  Its  use  is  to  be  avoided,  however,  as  much  as  possible,  since 
it  wears  rapidly  from  dust  and  causes  increased  loss  of  power  by  friction  unless 
cut  gears  efficiently  lubricated  and  protected  from  dirt  are  used.  Mill  91  even 
goes  so  far  a«  to  run  gearing  in  oil.  Cut  gears  have  less  loss  from  friction  than 
cast  gears.  The  special  field  for  gearing  seems  to  be  in  its  use  as  bevel  gears 
to  change  the  direction  of  transmission  of  power  through  90**.  Thus,  at  Mill 
25,  the  two  engines  are  geared  to  the  same  transverse  shaft  by  miter  gears  and 
this  transverse  shaft  drives  the  four  line  shafts  in  the  mill  through  other  miter 
gears.    One  of  the  engines  also  drives  a  fifth  line  shaft  direct. 

§  805.  Sprocket  and  Chain  Drive  is  used  to  some  extent  in  the  mills,  chiefly 
on  elevators  and  trommels.  As  a  rule,  however,  it  is  not  favored  owing  to  the 
trouble  resulting  from  its  complication  and  necessity  of  frequent  repairs. 
Whenever  used,  frequent  inspection  is  necessary  to  avoid  breaks  as  far  as  possible. 
Mill  27  reports  that  half  the  stoppages  were  due  to  the  sprocket  gears  of  the 
trommels.    A  similar  state  of  affairs  existed  in  a  certain  coal  screening  plant. 

§  806.  Friction  Clutches  are  quite  common  in  the  mills,  being  used  to 
connect  various  sections  of  the  plant  to  the  main  shafting,  for  example,  for  the  - 
connecting  or  disconnecting  of  either  a  single  or  a  double  battery  in  a  stamp 
mill.  They  should  never  be  thrown  in  with  a  jerk,  but  be  made  to  take  up 
their  load  gradually  so  that  the  driving  machinery  attains  its  full  speed  with 
an  approximately  uniformly  accelerated  motion. 

§  807.  Design  of  Machines. — In  choosing  machines  there  are  certain  points 
to  be  looked  after.  Perhaps  the  first  and  most  important  one  is  strength.  This 
is  more  essential  in  milling  work  than  in  any  other  line,  since  milling  machinery 
in  many  instances  goes  into  remote  and  inaccessible  districts  where  a  break 
down  means  much  loss  of  time,  delay  and  expense  in  replacing  the  broken  part. 
Strength  does  not  necessarily  imply  that  the  machine  should  be  huge  and 
cumbersome,  but  that  it  should  be  so  designed  that  the  stock  is  put  in  where 
the  stresses  occur.  Superfluous  stock  does  no  good,  and  it  has  the  disad- 
vantage that  it  raises  the  original  cost  and  also  the  freight  charges.  McCal- 
lum*^®  considers  that  there  is  room  for  considerable  improvement  in  this  respect. 
He  advocates  that  the  size  of  the  parts  be  proportioned  according  to  the  calculated 
stresses,  such  modifications  being  made  as  intelli^rt^nt  interpretation  of  the  results 
of  practical  experience  show  to  he  necessary.  The  strength  and  weight  should 
never  be  so  low,  however,  that  the  machine  lacks  rigidity,  and  is  unable  to  absorb 
vibrations.  It  follows  that  sectional  machines  are  to  be  avoided  unless  the  con- 
ditions are  such  as  to  make  their  use  absolutely  necessary. 

The  second  important  point  is  simplicity;  that  is,  of  two  machines  of  the 
same  type  always  use  the  one  which  has  the  fewest  number  of  parts,  other  things 
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being  equals  since  the  simpler  machine  is  the  easier  to  keep  in  good  running 
order.  A  good  machine  does  not  have  to  be  well  finished  all  over,  since  certain 
parts  can  always  be  made,  rough  without  any  detriment.  In  some  places  too 
much  care  and  finish  can  not  be  given ;  for  example,  in  journal*  and  their  align- 
ment. The  author  cites  a  case  of  a  manufacturer  who  makes  a  certain  piece 
of  apparatus  in  which  a  great  many  of  the  parts  are  machined  so  as  to  be  not 
only  smooth  running,  but  also  pleasing  to  the  eye.  Other  manufacturers  of  the 
same  apparatus  make  only  those  parts  machined  which  are  necessary  for  smooth 
running.  The  latter  apparatus,  though  it  does  not  shine  so  much  as  the  former, 
runs  quite  as  well  and  costs  less.  Attention  should  be  paid  to  the  wearing  parts 
of  the  machine.  They  should  be  easily  removable,  and  should  be  so  designed 
that  when  they  are  worn  out  only  a  small  amount  of  the  material  should  be  left 
to  be  thrown  away. 

High  speed  is  to  be  avoided  as  far  as  possible  in  milling  machinery,  since 
with  the  scant  care  usually  bestowed  in  mills,  when  once  the  machine  begins 
to  gQi  out  of  order,  it  is  liable  to  shake  itself  to  pieces. 

The  use  of  standard  machines  with  easily  replaceable  parts  is  to  be  recommended 
on  account  of  the  time  and  money  saved  by  their  use.  A  great  variety  of 
machines  in  a  single  mill  doing  the  same  work  is  to  be  avoided,  as  each  requires 
its  own  set  of  supplies,  and  each  kind  of  machine  has  its  own  idiosyncrasies  to 
be  learned  and  cared  for  by  the  mill  force.  If  all  the  machines  are  alike,  saving 
in  both  these  directions  is  effected.  The  author  believes  that  it  pays  to  carry 
this  principle  of  replaceable  parts  even  so  far  as  to  have  models,  drawings, 
templates  or  gauges  for  the  wearing  parts  giving  the  proper  sizes;  for  example, 
to  show  the  exact  dimensions  of  the  shoe  and  stem  sockets  in  stamp  bosses,  to 
show  the  taper  of  the  shoe  shank  and  of  the  stems,  to  show  the  right  size  of 
the  jaw  and  cheek  plates  in  breakers  in  order  that  a  new  set  may  be  sure  to 
fit,  to  show  the  proper  sieve  dimensions,  height  of  tailboards,  etc.,  on  jigs  so 
that  one  jig  will  not  have  a  tailboard  4  inches  high  while  its  neighbor  treating 
the  same  material  has  one  only  3  inches  high.  There  are  many  other  similar 
examples  that  might  be  mentioned. 

§  808.  Lubrication  and  Care  of  Journals. — There  are  three  elements  of 
cost  in  lubrication :  that  of  the  power  consumed  in  friction,  that  of  the  oil  used, 
and  that  of  the  wear  in  the  boxes.  As  in  all  other  places  where  machinery  is 
used,  so  also  in  a  concentrating  plant,  lubrication  is  an  important  matter.  Care 
in  this  may  make  the  difference  between  a  dividend  and  an  assessment. 

The  qualities  of  a  good  lubricant  as  given  by  Kent*'*  are:  (1)  Sutficient  body 
or  viscosity  to  keep  the  surfaces  free  from  contact  under  maximum  pressure. 

(2)  The   greatest  possible   fluidity   consistent   with   the   foregoing  condition. 

(3)  The  lowest  possible  coefficient  of  friction  which  in  bath  lubrication  would  be 
for  fluid  friction  approximately.  (4)  The  greatest  capacity  for  storing  and  car- 
rying away  heat.  (5)  A  high  temperature  of  decomposition.  (6)  Power  to 
resist  oxidation  or  the  action  of  the  atmosphere  to  cause  gumming.  (7)  Free- 
dom from  corrosive  action  on  the  metals.  Conditions  (1)  and  (2)  are  fulfilled 
by  the  following  oils  in  the  order  named:  good  mineral  oils;  sperm;  neats-foot; 
lard  oil ;  the  first  being  the  Ibest.  Kent  also  gives  the  best  lubricants  for  different 
purposes  as  follows: 

Lowjtonpcratnreg  as   In  rock  drills  driren  by  com- 1  j  j^j^^  mineral  liibricaUnpr  oils. 

VfrTmS  Dr««u'refL  slow  ko^\  .  *. '.  \ '  *. . .  *. '. '. '.  *.  *  • ' '  •  •  •  •  •  ^ raphlte,  soapRtone  and  other  solid  hibricAnts. 

Hearr  mmiires.  with  slow  speed The  above,  and  lard,  tallow  and  other  srreaRes. 

nPAvv  nv^irM  and  Wffh  sdm Sfwrm  oil,  castor  oil  and  heavy  mineral  oils. 

T  l?h7iS2SS?aS  hteh  sSedU  . .  sUrm,  refined  petroleum,  olive,  rape,  cottonseed. 

Light  preMRira  ana  mgn  speea  ^^  ^^^  tollow^l,  heavy  mineral  oils  and  the  heaT- 

Ordinary  machbwrr "}     ier  vegetable  oils. 

Steam  cylindera Heavy  mineral  oils,  laid,  taUow. 
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The  mineral  oils  for  ordinary  machinery  should  have  a  specific  gravity  of  25* 
to  29"*  Beaume  and  a  flash  point  of  360°  F. 

To  mineral  oils  to  be  used  for  ordinary  work  it  is  usual  to  add  about  25%  of 
animal  oil  which^idheres  better  to  the  metal  "while  the  mineral  oil  in  turn  adheres 
to  it.  The  liability  of  animal  oils  to  decompose  into  free  fatty  acids  is  the  dis- 
advantage of  the  mixture.  Neats  foot  is  probably  the  least  objectionable  on  thi& 
score. 

The  mill  man  unfortunately  has  as  a  rule  no  means  of  making  the  usual  test- 
on  oil  and  is  therefore  at  the  mercy  of  the  seller.  It  is  possible  however  to  makt- 
a  rough  test  of  the  lubricating  value  of  different  oils  by  noting  the  relative  time? 
it  takes  a  given  bearing  to  get  hot  after  having  been  well  oiled  and  run  with  each 
sample. 

For  use  in  a  great  many  places  about  a  mill  the  suggestion  has  been  made  to 
the  author  that  the  use  of  hard  lubricants  of  the  type  of  Albany  grease  (skim- 
mings from  glue  manufacture)  is  very  suitable.  These  have  the  advantage  thai 
being  applied  under  pressure  of  a  spring  and  from  closed  cups  they  work  from 
the  center  of  the  journal  toward  the  ends  where  a  grit  collar  is  formed  pre- 
venting the  entrance  of  dust.  They  require  no  attention  beyond  filling,  since 
they  stop  feeding  automatically  when  the  machinery  is  not  in  motion. 

§  809.  Wherever  possible,  lubrication  should  be  continuous  whether  oil  or 
thick  grease  is  used.  This  keeps  friction  as  low  as  possible  and  at  the  same 
time  serves  as  an  additional  safeguard  against  grit  getting  in  at  the  ends  of  the 
bearings. 

The  cutting  of  bearings  and  gears  is  generally  due  to  grit.  This  must  W 
kept  out  by  all  precautions — ^by  having  covers  which  are  removed  only  when  then 
is  no  chance  of  dust  getting  in,  and  by  the  use  of  oil  free  from  dirt.  With 
these  precautions  the  use  of  cotton  waste  over  an  oU  hole  to  filter  out  dirt  i> 
not  necessary,  except  in  a  few  cases  where  a  cover  can  not  be  removed  without 
exposure  to  dust. 

At  Mill  91,  as  a  result  of  considerable  study,  Edison  ha? 
installed  a  pipe  system  by  which  between  4,000  and  S^O^'^O 
bearings  are  automatically  oiled  and  the  excess  of  oil  flow? 

J/  back,  is  filtered  and  pumped  up  to  the  store  tank  holding 

mmm/mmmA    4^000  gallons,  from  which  it  flows  on  its  way  to  again  lubri- 
II  cate  the  bearings.    The  best  grade  of  babbitt  is  used  on  hi- 

1^^  bearings.    On  his  conveyor  axles  he  has  a  device,  shown  in 

^  Fig.  529,  in  which  jR  is  a  reservoir  made  dust  tight  by  the 

FIG.  529. — ^Edison's  stopper  8  held  by  the  spring  T,  The  oil  thus  works 
OILING  DEVICE.  through  the  journal,  and  at  the  other  end  a  pin  P 
causes  the  formation  of  a  protecting  collar  of  oil,  dust 
and  grit.  The  reservoir  holds  75  grams  of  oil  and  is  refilled  every  two  months. 
Even  with  all  his  friction  saving  and  lubricating  devices,  he  finds  that  655^v 
of  the  power  developed  by  his  engines  is  used  up  in  friction. 

At  Mill  5,  on  the  log  washers,  where  the  motion  is  not  very  rapid,  the  bearing? 
are  kept  well  protected  from  grit,  and  the  utmost  precaution  is  used  to  keep 
them  well  greased  with  a  heavy,  thick  grease.  The  pressure  and  the  width  of 
the  bearings  is  so  great  that,  if  grit  gets  in,  it  grinds  up  very  fine  and  dt>'> 
not  wear  the  bearings  verv  much. 

§  810.  Heating  the  Mill. — ^Tliis  is  usually  done  by  steam  pipes,  using  the 
exhaust  steam  from  the  engines.  Mill  60  has  a  sheet  iron  drum  18  inches  in 
diameter  running  along  in  front  of  the  amalgamated  apron  plates  and  in:'> 
this  the  exhaust  steam  passes.  The  Lake  Superior  copper  mills  use  the  exhaust 
from  the  steam  stamps.  Mill  38,  which  is  run  by  water  power,  has  special 
boilers  to  generate  steam  for  heating.    Mill  42  is  heated  by  coils  of  4-inch  pipe.^ 
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receiving  the  exhaust  steam  from  the  steam  stamps.  The  new  mill  at  this  place 
is  heated  by  ordinary  radiators  and  coils  of  1^  or  Ji-inch  pipes,  using  mostly  direct 
steam  at  reduced  pressure  from  the  boilers,  although  some  exhaust  steam  is  also 
used. 

At  Mill  40  the  ore  in  the  sorting  house  bins  is  kept  from  freezing,  even  in 
coldest  weather,  by  carrying  the  exhaust  steam  from  the  hoisting  engines  through 
pipes  under  the  inclined  bottoms  of  the  bins  and  having  the  underspace  well 
housed. 

Vezin  recommends  instead  of  putting  steam  pipes  into  the  various  places,  which 
it  is  desired  to  heat,  that  a  complete  heating  apparatus  consisting  of  a  chamber 
full  of  steam  pipes,  as  made  by  the  B.  F.  Sturtevant  Company,  of  Boston,  be 
used.  Air  is  heated  in  this  and  blown  in  at  the  top  of  the  room  to  be  heated 
while  the  out  draft  is  at  the  bottom  of  the  room.  In  this  way  if  the  ceiling 
or  roof  is  tight,  the  space  is- heated  in  the  most  economical  manner  and  with 
nearly  the  same  temperature  at  the  floor  as  at  the  ceiling.  This  method  is  in 
actual  use  at  the  new  Dufferin  mill,  Halifax  County,  Nova  Scotia,  where  the 
building  has  also  been  made  extra  tight  to  keep  out  the  cold  as  much  as  possible. 

The  scheme  of  heating  the  hand  picking  part  of  Mill  13  has  already  been 
described  in  §  368. 

In  matiy  European  mills  large  stoves  are  much  used  for  heating.  At  the 
Ilimmelfahrt  mill,  at  Freiberg,  which  is  comparatively  modem,  steam,  both 
direct  and  exhaust,  is  used. 

§811.  Ventilation  and  Dust  Prevention. — As  far  as  the  presence  of 
impure  air  is  concerned,  the  ventilation  of  a  mill  takes  care  of  itself,  but  il 
is  the  occurrence  of  hot  air  and  of  dust  that  makes  ventilation  necessary.  Hot 
air  may  be  let  out  at  the  top  of  the  building  by  swinging  shutters  on  all  four 
sides  of  the  building.  These  are  controlled  from  below  by  cords  or  rods.  By 
having  openings  on  four  sides  it  is  always  possible  to  have  the  outlet  on  the 
lee  side  of  the  building.  Permanent  openings  in  the  roof  are  to  be  condemned. 
Dust  is  bad  not  only  for  the  workmen,  but  also  for  the  machinery.  In  most  of 
the  wet  concentrating  mills  water  is  added  to  the  ore  very  early  in  the  process, 
either  at  one  of  the  crushing  machines  or  during  the  screening,  and  the  amount 
of  dust  that  is  formed  is  negligible.  It  is  only  in  dry  mills  such  as  pneumatic, 
magnetic,  sampling  and  cyanide  plants  that  a  large  amount  of  dust  is  formed. 
For  removing  it,  the  use  of  permanent  openings  in  the  roof  or  the  opening  of 
doors  and  windows  is  very  inefficient  and  in  cold  weathor  inapplicable.  The 
only  proper  method  is  to  use  an  exhaust  fan,  which  should  be  connected  with 
all  elevator,  screen  and  roll  casings,  so  as  to  produce  an  inward  draught  and 
thus  prevent  dust  from  getting  out  into  the  mill  at  the  points  where  the  dust 
is  made.  In  order  that  the  fan  may  be  efficient,  the  various 
casings  should  be  made  as  tight  as  possible.  To  do  this, 
Vezin  recommends  that  they  be  made  of  common  rough 
lumber,  which  is  planed  off  for  about  an  inch  each  side  of 
the  joint  and  strips  of  cotton  cloth  about  1^  inches  wide 
are  glued  on,  as  shown  in  Fig.  530.  The  glue  should  be 
thin  and  the  cloth  must  be  damp  (wrung  out).  While  y\q.  530.  fig.  631. 
still  soft  the  cloth  is  pressed  into  the  crack,  as  shown  in  vpyiv'a  niT^-r  i>i>nr»i? 
Fig.  531,  with  a  spatula  or  dull  case  knife.     This  al-  ing  device 

lows    for   shrinkage   of   the   wood.     The  cloth    is    finally 

brushed  over  with  glue.  The  joint  thus  made  is  superior  to  the  host  matched 
hoarding.  The  fan  should  have  a  free  discharge  passage  into  the  air,  or  if  the 
dust  is  valuable  a  dust  chamber  with  baffle  plates  will  catch  the  most  of  it. 
Passing  the  dust  through  a  rain  of  water  or  atomized  water  will  also  settle  it. 
The  use  of  baffle  plates  without  a  reduction  in  velocity  is  of  very  little  value. 
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Hoppers  in  the  passages  serve  to  catch  particles  which  might  otherwise  settle 
and  gradually  reduce  the  area. 

Alill  91  treats  the  ore  dry,  and  in  most  of  the  machinery  no  casing  is  used. 
As  a  consequence,  the  dust  is  very  thick,  even  though  there  are  ventilating  fans 
in  the  sides  of  the  building.  The  workmen  wear  sponge  respirators,  which  are 
soaked  with  water  in  summer  and  glycerine  in  winter. 

§  812.  Lighting. — Sufficient  side  windows  should  be  provided  so  that  the 
quality  of  the  work  of  the  machines  may  be  readily  seen.  Heavy  glass  skylight? 
in  the  roof  are  even  more  efficient  than  side  windows.  Whitewashing  the  in&ide 
of  the  mill  will  help  the  lighting  immensely.  For  night  work,  electricity  is 
best,  as  it  is  the  most  convenient,  avoids  dangor  of  fire  and  is  cheap  and  clean. 
Incandescent  electric  lights  should  be  surrounded  by  heavy  wire  netting  where 
there  is  any  danger  of  being  struck.  The  electric  are  light  enables  the  natural 
colors  of  the  minerals  to  be  best  recognized,  and  is  preferable  for  hand  pickin<r. 
Electricity  is  almost  universally  used  to-day,  except  in  a  few  of  the  older  or  of  the 
smaller  mills.  A  dynamo  placed  in  the  engine  room  is  usually  sufficient  for 
the  lighting  of  all  the  buildings  of  a  small  mining  and  milling  plant,  and  the 


TABLE   384.- 

-LABOR   REQUIRED  IN 

THE   MILLS. 

MiU  No. 

Men  Requir- 
ed per  84 
Hours,  (a) 

C'lfiftcity  per 

84  Hours. 

Tons. 

One  Man 
Treats  per  S4 
Hours.  Tons. 

p»»r  Man 
per  Shift. 

Total  Cost 

per  24  Hours 

for  Labor. 

Cost  per  Ton 
for  Liabor. 

Otwa  ot 
Board  |*»r 

Month, 

s       

(6)  8 
(6)   9# 
(b)   6« 
(b)17« 
(6)81« 
(b)   4f 

10s 

18  « 
7» 

16  « 

88« 

61  « 

88« 

83« 
(6)16» 

85« 

84« 

15  « 
1810 
1410 

14  10 
83« 

16  « 
1010 
88« 

610 

4  10 
7i0 
610 
510 
4^10 

IHs 

78 

15  « 
8^t0 

5  10 
8i0 
8  10 
4i0 

11  or  12  10 

8  10 

2i0 

7 

3  or  4  10 

89  0 

32a 

31  ff 

10  « 

4if 

112« 

(ft)    8 
(ft)  50 

(ft)  100  to  180 

(ft)120tol;« 

(ft)  150 

(ft)   83 

96 

175 

40  to  60 

175 

100 

900 

800 

120 

(ft)  100 

850 

5% 

800 

500 

800 

250  to  800 

275  to  300 

150 

90 

130 

64 

80 

60 

115  to  128 

100  to  160 

93 

400 

50  to  65 

105 
100  to  115 
120 
800 
800 
152 
85 
100 
120 
400 
12  to  16 
110 
180 
100 
75 

(ft)  4 
(ft)  6.6 
(ft)  16.7  to  80 

13.6 

6.7  to  7.1 

10.9 

4.3 
14.8 

7.1 

5.8 

88.1 

13.8 

88.5 

81.4 

17.9  to  81 

12  to  18 

9.4 

9 

5.6 

12.8 

20 

8.6 

19.2  to  21 .8 

80  to  30 

20.7 

20.8 

7.1  to  9.3 

7 

18  to  13.8 

84 

87.5 

87.6 

88 

7.1  to  7.7 

83.3 

GO 

57.1 

4 

2.8 
8.8 
8.8 
7.5 

8 

$1.75 
1.60  to  8.50 
0.40  to  2.00 
0.50  to  8.00 
1.76to8.f50 
8.00  to  6.00 
8.26  to  6.00 
8.25  to  8.00 
1.85  to  8.00 
0.70  to  1.50 
0.75  to  8.50 
8.00to8.50 
8.50  to  4.00 

8.76 
8.50  to  8.00 
8.50to3.50 
8.00  to  6.00 
8.00  to  5.00 

10 

$14.75 
19.46 
80.80 
8.25 

$0.12  to  0.15 

0.14  to  0.16 

0.14 

0.25 

12 

$15  re" 
IS  00 

18 

15 

16  00 

IS 

30.00 
80  00 

ao 

85.50 

0.20 

21 

82  00 

22 

84.85 
43.00 

0.14 
0.43 

15.no 
IS  00 

24 

25 

13  V> 

26 

76.60 

0.88 

80L00to£>nr) 

27 

311  Ot) 

2*< 

41.85 

0.41 

SO  (pi 

29 

Vi  00 

80 

78.96 
65.60 
46.50 

0.14 
088 
0.09 

80  00 

3  

82 

SO  no 

34 

so  Oil 
30.«0 

so  uo 

35 

8.60  to  5.00 
8.00  to  4.50 
3.00  to  8.50 
3.00  to  4.50 
3.50  to  4.60 
8.85(0  0.00 
8.50  to  3.00 
1.50  to  8.50 
8.00  to  3.50 
8.50  to  3.00 
2..501O4.00 
8.50  to  8.00 
1.80  to  8.50 
3.00to4.50 
3.00  to  3.50 
2.50  to  3.00 

60.50 
88.00 
67.60 
35.00 
90.50 
18.00 

6.17  to  0.80 
0.27to0.S0 

0.38 

0.89 

0.70 

0.88 

40 

48 

53 

SU.!* 

80  00 

55 

57 

ao.cio 

58 

83.00 

59 

61 

82  00 

6i 

80  00 

6t 

60 

64.83 
11.60 

0.16 
:M8to0.2S 

fl7 

1R  (kl^l?  (V\ 

68 

30.00 

09 

27.50 

0.84  to  0.88 

re 

81.00 

r.) 

74 

75 

8.00  to  3.00 
2.75  to  6.00 

11.00 
86.25 

0.07 
0.43 

&.00 
28  00 

77 

78 

79 

2.50  to  3.00 
1.50 

21  00 

m 

81 

82 

3.00  to  4. .50 
2.00  to  4.00 
2.00  to  8. .50 
2.50  to  4.00 
1.10  to  1.25 

SO  00 

83 

85.50 
83.85 
80.50 

o.n 

0.83 
0.41 

8S  SO 

8» 

85.00 

86 

S  00 

9<) 

17  00 

91 

4,000 

85.7 

I 

(o) «— steam  power,  10— water  power,    (ft)  Only  work  one  shift  of  about  10  hoars. 


§  813  OBNEBAL  IDEA8  ON  MILLING,  1101 

attention  necessary  is  confined  to  the  starting,  stopping  and  occasional  oiling 
and  inspection.  Some  planus  cave  installed  a  spare  machine  to  use  in  case  of 
accident  or  emergency.  If  oil  lamps  are  used  around  amalgamated  plates,  great 
care  should  be  taken  to  avoid  oil  on  the  latter. 

§  813.  Labok  in  the  Mills. — The  tendency  of  modern  ore  dressing  mills  is 
to  reduce  the  quantity  of  labor  required,  and  at  the  same  time  to  raise  the 
quality  of  it.  The  work  requiring  intelligence  is  carefully  kept  separate  from 
the  purely  mechanical  on  the  theory  that  a  man  cannot  give  satisfactory  results 
if  he  is  working  both  his  brain  and  his  body  at  the  same  time. 

For  an  enumeration  of  the  men  required  in  the  individual  mills,  the  reader 
is  referred  to  Chapter  XX.,  but  a  summary  of  the  labor  required  in  different 
mills  is  shown  in  Table  384.  For  purpose  of  comparison,  computations  have 
been  made  of  the  tons  treated  per  man,  and  also  the  cost  per  ton.  The  table 
shows  that  the  amount  treated  per  man  varies  greatly  even  in  mills  of  the  same 
class.  This  variation  is  due  to  several  causes,  such  as:  (1)  the  size  of  the  mill, 
since  a  large  mill  can  always  be  run  with  less  labor  per  ton  than  a  small  one; 
(2)  the  difficulty  of  the  problem,  since  an  easily  treated  ore  gives  the  mill  high 
capacity  and  requires  only  simple  treatment;  (3)  the  length  of  shift,  as  more 
men  will  be  required  working  eight-hour  shifts  than  working  twelve;  (4)  the 
use  of  water  power  instead  of  steam;  (5)  whether  or  not  the  mill  is  favorably 
located  and  designed  to  minimize  labor;  (6)  the  cost  and  Quality  of  the  labor, 
for  when  labor  is  cheap  and  of  an  inferior  quality,  more  will  be  required.  The 
wages  paid  are  also  variable,  being  governed  chiefly  by  the  cost  of  living.  The 
cost  per  ton  for  labor  is  dependent  upon  the  number  of  tons  treated  per  man  and 
upon  the  wages  paid. 

The  "Men  Required  per  24  Hours,**  in  Table  384,  is  the  total  number  of  men 
employed,  but  where  the  mill  is  run  24  hours  per  day,  as  is  usually  the  case, 
the  men  are  divided  up  into  two  or  three  shifts,  so  that  the  number  of  m«n 
actually  working  at  any  one  time  is  only  from  J  to  ^  of  the  total  employed. 
The  length  of  shift,  that  is,  whether  eight  or  twelve  hours,  will  depend  on  the 
situation.  A  hard  position  like  that  of  fireman  is  more  often  worked  in  eight- 
hour  shifts,  while  an  easier  position  like  that  of  table  or  vanner  man  is  extended 
to  twelve. 

Analyzing  the  figures  of  tons  treated  per  man  in  Table  384,  we  find  that 
in  the  hand  jig  plants  (Mills  2  and  3)  the  tons  treated  per  mlan  are  4  and  5.6 
respectively.  Gold  stamp  mills  range  from  5.6  tons  in  Mill  55  to  37.5  tons  in 
Mills  73  and  74,  these  last  two  being  mills  of  good  size,  well  desired  and  run 
with  a  high  capacity  per  stamp.  Canvas  plants  treat  from  33.3  tons  (Mill 
78)  to  57.1  tons  (Mill  80)  per  man.  These  mills  require  very  little  labor,  how- 
ever, since  such  a  large  percentage  of  the  stuff  treated  is  waste.  The  three 
combination  silver  mills  (82,  83  and  84)  range  from  2.8  to  3.8  tons  per  man. 
This  type  of  mill  is  the  most  expensive  of  any  in  the  table  in  regard  to  labor, 
since  it  includes  the  three  processes  of  plate  amalgamation,  concentration  and 
pan  amalgamation.     Of  the  large  number  of  jigging  mills,  the  range  is  from 

X^  foreman, 

1  xnillwrfirht, 

U  pipe  fitter, 
S  engHiemen, 

2  firemen, 
%  nl|?ht  foremen, 
1  head  amalfcavnator, 
4  araalKamatora, 
2  cnxshermen, 
2  oilers, 
2  feeders, 
2  laborers. 

4.3  tons  in  Mill  24  to  38.5  tons  in  Mill  32,  but  the  latter  mill  has  a  very  high 
capacity  for  its  size,  and  most  of  these  mills  treat  less  than  15  tons  per  man 
per  24  hours.    As  an  example  of  the  organization  of  labor  in  a  lOO-stamp  mill 
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the  list  on  page  1101  shows  the  number  of  men  and  to  whom  each  is  responsible  in 
Mill  66. 

The  author  received  no  figures  from  the  Lake  Superior  native  copper  mills, 
but  thinks  the  following  figures  are  approximately  correct  for  the  labor  requLre*i 
to  run  a  mill  with  five  heads  of  steam  stamps  for  24  hours:  1  foreman,  2  ass^i-t- 
ant  foremen,  2  engineers,  15  firemen,  6  head  runners,  10  feeders,  20  jig  boys, 
4  table  men,  1  bla<:ksmith.  In  addition  to  these  there  will  be  about  8  additional 
men  required  in  such  mills  as  regrind  the  middlings.  Such  mills  as  barrel  the 
copper  will  require  also  perhaps  2  coopers.  This  makes  a  total  of  61  or  71  men, 
and  assuming  300  tons  treated  per  stamp  per  24  hours,  the  tons  treated  per 
man  will  be  from  21.1  to  24.6. 

§  814.  For  comparison  with  the  American  jigging  mills,  the  following  figures 
of  a  few  German  mills  are  given,  all  pf  which  are  using  graded  treatment  upon 
ores  containing  lead  and  zinc.  The  Himmelfahrt  Mill,  at  Freiberg,  using  steam 
power,  washes  150  or  even  200  tons  per  10  hours,  using  a  force  of  55  men.  This 
is  at  the  rate  of  from  2.7  to  3.6  tons  per  man.  The  Silberau  works  at  Ems,  using 
both  steam  and  water  power,  treats  200  tons  in  10  hours  with  a  force  of  111 
men,  including  overseers  and  machinists,  but  exclusive  of  roustabouts.  This  is 
1.8  tons  per  man.  The  new  Gute  Hoflfnung  mill,  at  St.  Goar  on  tiie  Rhine, 
treats  50  to  60  tons  in  10  hours  with  45  men,  or  at  the  rate  of  1.1  to  1.3  tons 
per  man.  At  the  old  mill  they  required  90  men,  and  even  by  running  day  and 
night  they  could  hardly  treat  half  as  much,  and  the  quality  was  no  better  than 
at  the  new  mill.  The  Clausthal  works  treat  270  to  275  tons  per  10  hours, 
employing  450  men  and  using  both  steam  and  water  power.  This  is  0.6  ton 
per  man  per  10  hours.  At  Ramsbeck  1.5  tons  per  man  are  treated.  It  will 
be  seen  that  these  five  foreign  mills  each  use  more  labor  than  the  American. 
There  are  several  reasons  for  this:  (1)  the  foreign  mills  are  somewhat  more 
complex;  (2)  many  of  them  are  not  so  conveniently  designed  for  automatic 
handling;  (3)  labor  is  cheaper,  and  consequently  more  work  is  done  by  hand. 
The  low  figure  shown  at  Clausthal  is  especially  due  to  the  inconvenient  arrange- 
ment of  the  plant  whereby  an  excessive  amount  of  tramming  is  required. 

Regarding  the  "Cost  per  Ton  for  Labor''  in  Table  384,  it  will  be  found  that 
as  a  rule  it  varies  inversely  as  the  tons  treated  per  man. 

It  may  be  said  that  in  general  the  capacity  of  the  mill  and  the  quality  of  the 
product  depend  largely  upon  the  intelligence  and  reliability  of  the  men  employed 
in  the  various  departments.  A  saving  made  in  wages  may  be  more  than  offset 
by  losses  in  efficiency  of  machines  due  to  ignorance  or  neglect.  The  losses  by 
theft  are  not  common  in  mills  other  than  gold  and  silver.  To  avoid  clannish- 
ness,  which  often  leads  to  needless  labor  troubles,  it  is  well  to  employ  men  of 
several  nationalities.  In  hand  picking,  boys  under  supervision  may  be  substi- 
tuted for  men  as  having  keener  vision  and  quicker  motion. 

One  means  of  increasing  the  efficiency  of  the  working  force  is  for  the  most 
part  neglected  by  mill  authorities.  Almost  the  only  instance  observed  of  any 
sanitary  precautions  or  hygienic  care  of  the  men  was  at  Mill  22,  where  a  change 
house  is  provided  for  both  mine  and  mill  hands.  This  is  furnished  with  individual 
lockers,  steam  coil  for  drying  wet  clothes,  hand  baths  and  a  swimming  tank.  Mill 
38  and  the  new  plant  at  Mill  42  have  the  same  as  Mill  22,  except  the  swimmiog 
tank. 

§  815.  Water. — ^Water  is  required  in  the  mill  for  three  things:  First,  for  the 
concentration;  second,  for  the  power,  either  as  water  power  or  to  supply  the 
boilers ;  third,  for  protection  against  fire.  The  amount  used,  the  source  and 
the  method  of  bringing  to  the  mill  are  given  in  Chapter  XX.  under  each  mill. 
The  subject  is  here  considered  only  from  a  general  point  of  view. 

The  amount  of  water  used  in  the  mills  is  sriven  in  Table  385.  For  pnnw^^' 
of  comparison,  the  mills  are  arranged  in  different  groups  and  the  figure?  have 
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TABLE    385. — WATKR    USED    IN    THE    MILLS. 


Mill  No. 


Water  Used  per  94  Hours. 


OaUons. 


Capacity  of 
Hmper 
94  Hours. 


Tom. 


Water  Used  per  Ton  of  Ore. 


Oallons. 


Tons. 


Remarks. 


Gold  Stamp  MUls. 


58. 

.W. 
57. 
59. 
61. 
CS. 
64. 
«5. 
67. 
«8. 

n. 

74. 
75 


61,840  (a) 
90.886  (a) 
166,198  la) 
940,780  (a) 
989,040  (a) 
960,600  la) 
151,000  (a) 
198340(a) 
916,000 
918,190 
185,760  (a) 
186.760(0) 
179,676  (a) 


90 

60 

64 

60 

116  to  198 

100  to  160 

98 

900 

60  to  65 

105 

800 

800 

160 


676.0 

1,606.6 

9,440.6 

4,019.6 

1.887.6 13  9,07H.6 

1,780.6  to  9,506 

1.6S8.7 

610.9 

8,894.6  to  4,890 

9,090.7 

619.9 

610.9 

1,197.8 


9.40 

6.00 

10.18 

16.78 

7.79  to  8.66 

7.91  to  10.89 

6.Tr 

9.58 

18.86  to  18.01 

8.46 

9.68 

9.58 

4.90 


80  stamps. 
10  stamps. 
40  stamps. 
40  stamps. 
40  stamps. 
50  stamps. 
80  stamps. 
40  stamps. 
90  stamps. 
00  stamps. 
GO  stamps. 
60  stamps. 
40  stamps. 


Combination  SUver  Mills. 


81. , 
88., 


84. 


969,976 
Steam  power...  15,800 (b) 
Conoentratinff.  .80,480  (6) 

Total 64,840(6) 

Fresh 70,000 

Bepumped 80,000 

Total 100,000 


110 
190 


100 


9,996.1 

467 

700 
800 

1,000 


9.67 
1.91 


9.98 
1.95 


4.17 


50  stamps. 
60  stamps. 

40  stampc 


Jigging  MiU. 


19. 


«,000  (c) 


190  to  186  (c)        460.8  to  610.7 


1.99  to  9.16 


MiUs  with  Jigs,  Yannere  and  Tables. 


- { 

99 

96 


Fresh 98,600 

Repumped  ....144.000 

Total 987,600 

1,168.000 
9,960,000 

Fresh 48,900 

Bepumped 86,400 

Total 199,600 

900,000  (a)(c) 


175 

176 
900 

900 

100(c) 


648 
9,000 


9.98         1 
8.48  I 

6^         j 


97.46 
10.49 
0.90 
1.80 

9^ 
87.68 


Montana  Copper  Sulphide  Mills. 


89., 


Flows  in 1.000,000 

Piimped 1,440,000 

Repumped 700,000 

TotaL 8.140,000 

Fresh 864.000 

Repumped 900,000 

Total 1,064,000 

1,900,000  to  1,400,000 


600 


976  to  800 


800  to  860 


9,000 
9,880 
1,400 

6,980 
9,880   to    8,141.8 
666.7   to   797.8 


8,646.7  to  8,809.0 
4,000 


8.88 
19  01 
6.84 

96.18 
19.01  to  18.10 
9.78  to  8.08 


14.79  to  16.18 
16.68 


Lake  Superior  NatlTe  Copper  Mills  with  Steam  Stamps. 


44 
45. 

46, 
47 
48 


90,000,000 
8,744,000  (d) 
19,000.000 
19,000.000 
10,000,000 


9,080 

450 

1,960 

1,700  to  1,900 

1.500 


9,616.4 
8,890 
0,688.8 
6,815.8  to  7.068.8 
6,666.7 


40.09 
84.69 
80.71 
96.88  to  99.48 
97.80 


(a)  llie  mill  is  run  by  water  power,  and  this  fl^rure  does  not  include  the  water  used  for  po^ 
does  not  include  what  Is  repumped.  (r)  This  Is  for  10  hours  onlv.  id)  This  is  the  water  that  V 
nith  tlie  tailings.    The  amou'it  of  water  coming  to  the  mill  is  slightly  larger. 


.    (6)  This 
the  mill 
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all  been  reduced  to  the  basis  of  amount  of  water  per  ton  of  ore.  It  will  be 
seen  that  the  amount  varies  from  2  or  3  tons  of  water  per  ton  of  ore  in  some 
of  the  stamp  mills  to  40  tons  in  some  of  the  complex  mills. 

In  general  the  water  requirements  of  a  mill  depend'  upon  several  conditions: 
(1)  Upon  the  kind  of  the  mill.  A  hand  jigging  mill  requires  very  little  men* 
water  than  that  which  is  used  in  washing  off  fines  and  that  which  goes  off  as 
moisture  with  the  concentrates  and  tailings.  The  simpler  gravity  stamp  mills 
use  much  less  water  than  the  more  complex  steam  stamp  mills.  (2)  Upon  the 
capacity  of  the  mill  and  the  various  conditions  which  affect  it.  For  example, 
Mills  59  and  65  have  40  stamps  each,  but  Mill  59  stamps  less  than  one-third  a? 
much  ore  as  Mill  65  with  proportionally  increased  water  rate.  (3)  The  wattr 
used  depends  upon  the  amount  that  is  available.  Where  there  is  plenty  there  i- 
no  need  to  economize.  To  illustrate  this  note  that  in  Table  385  Mill  84,  which 
suffers  from  scarcity  of  water  uses,  with  no  injury  to  the  work  done,  less  than  half 
as  much  per  ton  as  Mill  82,  where  water  is  abundant.  These  two  mills  are  of  tlv* 
same  type  and  have  almost  exactly  the  same  capacity  per  stamp.  Notice  also  th** 
small  amount  used  in  Mill  26  compared  with  others  of  its  class.  Mill  28  esti- 
mates that  it  could  easily  cut  the  quantity  of  water  used  diown  to  two-thirds  the 
present  quantity  if  necessary.  The  author  knows  of  an  instance  where  a  super- 
intendent decreased  the  amount  of  water  fed  to  a  steam-stamp  until  the  quantity 
was  less  than  one-half,  before  the  mill  men  complained. 

In  addition  to  the  data  given  in  Table  385  Mill  68  gives  a  detailed  account  as 
follows : 

Enfrine  (180  hone  power) 5,700  gallons  per  94  boun. 

eo  stamps 178.800       " 

Mvannem 84,«»       * 

Total a8,iao     " 

and  Mill  82  as  follows: 

Enidne  (200  horse  power) 16,840  gallons  per  9i  boon. 

Live  steam  for  amalgamating  pans 6.896       **         "  *' 

SOstamps 144.000 

aOvanners 28,800       " 

19ietUerB 67,600       "        '•  •• 


Tbtal 852,676       "        "  - 

In  Table  385  the  figures  given  include  water  used  for  generating  steam  eicep: 
as  noted  in  cases  where  water  power  is  used.  It  will  be  seen  that  no  average  fig- 
ures on  water  required  for  water  power  can  be  given  since  the  amount  will  vary 
with  the  head.  It  will  be  very  easy  however  to  calculate  this  amount  when  the 
power  required  and  the  head  are  known. 

As  shown  by  Mill  83  in  Table  385  and  by  the  detailed  statements  of  Mills  6S 
and  82,  the  water  used  for  steam  power  is  a  small  fraction  of  the  total  water  of  the 
mill. 

§  816.  The  saving  that  can  be  made  by  settling  and  repumping  is  shown  bv 
Mills  20,  26,  39,  40  and  84  of  Table  385.  The  extremes  are  Mills  26  and  40, 
which  show  that  of  the  total  water  used  only  33%  and  81%  respectively  have  to 
be  supplied  fresh.  Mill  40  however  is  not  saving  nearly  all  the  water  that  it 
might  by  settling  and  it  therefore  seems  fair  to  conclude  that  under  favorable 
conditions,  of  the  total  water  supply  of  the  mill  two-thirds  can  be  obtained  from 
settling  and  using  over  the  waste  water  and  only  one-third  has  to  be  supplier! 
fresh.  Mills  68  and  82  estimate  that  they  could  cut  the  water  down  one-half  if 
the  waste  was  settled  and  repumped. 

At  Broken  Hill,  New  South  Wales,'**  the  total  water  used  per  24  hours 
in  a  mill  having  steam  stamp  and  Collom  jigs  was  1,647,000  gallons,  but  as 
the  water  was  settled  and  used  over,  the  amount  actually  supplied  per  24  hour? 
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was  only  30,000  gallons.     The  mill  treated  170  tons  per  24  hours,  making  the 
water  actually  supplied  to  be  176  gallons  (0.734  ton)   per  ton  of  ore.     Only 

SO  000 
1  '«4Vo()0  ^^  ^^^^  J6  of  ^6  to^al  water  used  has  to  be  supplied  fresh. 

The  table  shows  that  mills  with  steam  stamps,  classifiers  and  CoUom  jigs 
(44  to  48  inclusive)  require  more  water  than  those  with  rolls,  trommels  and 
Harz  jigs  (39,  40  and  41).  A  quotation"  on  the  water  required  in  a  wet 
silver  mill  is  as  follows:  For  boiler,  7^  gallons  per  horse  power  per  hour; 
for  each  stamp,  72  gallons  per  horse  power  per  hour;  for  each  pan,  120  gallons 
pcrr  horse  power  per  hour ;  for  each  settler,  60  gallons  per  horse  power  per  hour. 
Usually  in  the  Washoe  district,  the  total  water  consumption  in  a  wet  silver 
mill  is  between  1,870  and  2,250  gallons  of  water  per  ton  of  rock  treated,  or  from 
2.5  to  3.75  gallons  of  water  per  stamp  per  minute. 

§  817.  The  water  supply  of  a  mill  comes  either  by  gravity  or  by  pumping. 
It  comes  by  gravity  either  from  a  pond  or  stream  through  ditches,  flumes  or 
pipes  to  28  mills  (21,  24,  25,  26,  27,  28,  29,  30,  31,  32,  34,  35,  42,  53,  56,  57, 
58,  60,  61,  62,  64,  66,  67,  69,  75,  76,  77  and  88).  In  all  of  these  mills  except 
eight  (24,  25,  26,  28,  31,  42,  66  and  67),  it  is  also  the  source  of  power  for  the 
mill.  As  the  water  is  not  in  every  case  delivered  at  a  sufficient  height  to  run 
to  all  the  machines,  pumping  is  resorted  to  either  for  all  or  part  of  the  water  in 
four  of  the  above  mills  (27,  30,  31  and  88).  Those  mills  which  use  water  for 
power  usually  have  an  ample  supply  and  do  not  u?e  the  water  over  again  for 
concentration.  In  one  case  however  (Mill  34),  the  waste  from  the  water  wheels 
is  delivered  at  such  a  height  that  it  is  available  for  the  washing.  At  the  Bertha 
Zinc  Works,  Virginia,  the  ore  is  conveyed  down  1,300  feet  to  the  mill  by  water 
in  a  flume  12  indies  wide  and  6  inches  deep. 

Where  the  water  is  pumped  to  the  mill  it  comes  from  various  sources;  from 
the  mine  in  2  mills  (20  and  22) ;  from  a  creek  or  river  in  4  mills  (12,  22,  38 
and  86)  ;  from  a  near  by  lake  or  pond  in  6  mills  (10,  44,  45,  46,  47  and  48)  ; 
from  an  artesian  well  in  2  mills  (16  and  17),  and  from  a  distant  source  in  2 
mills  (83  and  84). 

Where  water  is  scarce  the  practice  of  settling  it  and  using  it  over  prevails. 
This  occurs  in  9  mills  (16,  17,  20,  24,  25,  26,  39,  40  and  86).  The  settling 
arrangements  have  been  already  discussed  in  §  349  and  §  351.  The  use  of  mine 
water  is  found  in  3  mills  (20,  22  and  27).  Mill  66  also  uses  it  in  winter  to 
supplement  the  regular  supply.  The  use  of  mine  water  is  generally  avoided  if 
possible,  since  it  is  very  likely  to  be  muddy  or  to  contain  acid  which  eats  whatever 
metal  comes  in  contact  with  it.  This  latter  difficulty  may  be  remedied  by  the 
use  of  lime  (see  §  154). 

Some  mills  have  more  than  one  source  of  water.  For  example.  Mill  67 
ordinarily  has  a  sufficient  amount  run  in  by  gravity,  but  in  case  of  emergency 
it  can  get  water  by  pumping  from  the  pond  into  which  its  tailings  are  delivered. 
Mill  39  has  part  of  its  water  flow  into  the  mill,  while  part  is  pumped  in.  This 
is  in  addition  to  what  is  repumped  from  the  settling  tanks.  Mill  22  has  part 
of  its  water  from  the  river  and  part  from  the  mine. 

It  is  desirable  that  the  water  of  the  mill  supply  shall  not  be  muddy.  For 
this  reason  Mill  40  avoids  as  far  as  possible  the  use  of  water  from  Silver  Bow 
creek,  which  has  already  been  used  by  three  other  mills,  and  instead  goes  to 
Black  Tail  creek,  a  half  mile  away.  For  a  similar  reason,  Mill  86,  which 
takes  its  water  from  a  creek,  first  settles  it  in  tanks  before  pumping  it  to  the 
mill.  At  Mill  67  the  water  for  the  boilers  has  to  be  settled.  To  keep  the 
water  as  clear  as  possible  from  mud  and  also  to  keep  larger  material  out  of 
the  pipe  it  is  customary  to  put  a  box  with  an  open  top  around  the  suction  end 
of  the  pipe. 
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The  power  for  pumping  where  the  pump  is  near  the  mill  may  be  far* 
nished  by  steam,  as  in  Mill  67,  or  by  compressed  air  if  the  plant  inciudf? 
an  air  compressor.  Where  the  pump  is  located  at  a  distance  a  separate  steaa 
plant  for  pumping  has  to  be  installed,  as  at  Mill  84,  or  the  pump  may  be  dri\tn 
by  electric  power  transmitted  from  the  mill,  as  at  Mill  40.  The  kind  of  pumpi 
used  have  been  considered  under  that  head  (see  §  632). 

Care  should  be  taken  in  constructing  ditches,  flumes  and  pipe  lines  that  there 
is  sufficient  protection  from  freezing  in  winter  and  from  damage  by  storms. 
An  open  flume  is  more  liable  to  freeze  than  a  covered  ditch  or  pipe.  Iron  pipe 
should  not  be  used  with  acid  water.  Thus  Mill  40  takes  water  from  a  crwk 
into  which  mine  water  is  delivered  farther  up,  and  consequently  the  pipe  u>tti 
was  made  by  boring  out  logs  and  banding  them  spirally  with  1-inch  No.  2'2 
iron  and  covering  with  a  layer  of  asphalt  andi  sawdust. 

§  818.  Water  is  usually  delivered  into  tanks  located  near  the  top  of  the  mill. 
The  capacity  of  these  tanks  will  depend  upon  the  conditions,  chiefly  upon 
the  regularity  of  the  supply,  and  the  liability  of  its  being  interrupted- 
These  tanks  serve  the  purpose  of  store  tanks  and  pressure  tanks.  In  case  a 
constant  pressure  is  desirea«  as  for  classifiers,  it  may  be  obtained  from  a  small 
tank,  which  overflows  constantly  into  a  larger  tank.  Some  mills  have  practicallv 
no  storage  capacity ;  for  example,  Mill  38  has  the  water  come  into  the  mill  bv 
a  pipe  about  2  feet  in  diameter,  and  the  end  is  simply  turned  up  for  a  stand 
pipe.  In  most  of  the  others  the  storage  capacity  is  sufficient  for  only  two  or 
three  hours;  for  example.  Mill  24  has  about  4,000  gallons  storage  capacity.  Mill 
25  has  about  2,000  gallons  and  Mill  40  about  60,000  gallons.  Two  mills^in  the 
dry  district  of  Utah  have,  large  storage  capacity:  Mill  83  can  store  600,000 
gallons  and  Mill  26  about  60,000  gallons.  The  former  is  sufficient  to  last  nine 
days.  As  far  as  concentration  purposes  go,  the  height  of  these  tanks  above  the 
machines  needs  to  be  but  little,  but  for  fire  purposes  it  would  be  wise  to  give 
them  considerable  head.  Where  it  is  impracticable  to  have  this  head,  a  fire 
pump  should  be  put  in  with  pipes  leading  to  fire  plugs  in  different  parts  of 
the  building  with  hose  constantly  attached  to  them. 

The  arrangements  for  heating  water  in  winter  for  hand  picking  have  been 
described  in  f  3G8,  and  for  amalgamation  in  §  541. 

As  to  the  kind  of  water  used,  the  author  found  it  to  be  fresh  in  every  one  of 
the  mills  visited  by  him,  and,  in  fact,  he  can  cite  no  ore  concentrating  mill 
which  uses  anything  but  fresh  water.  As  shown  in  §  2,  there  is  an  argument 
for  the  use  of  salt  water  owing  to  its  greater  density,  provided  that  the  solid? 
dissolved  in  the  water  have  no  injurious  effect  upon  the  machines  or  concentrate*? 
in  other  ways,  as  is  frequently  the  case  in  gold  amalgamation  (see  §  541).  There 
may  be  also  cases  in  which  the  salt  which  would  be  left  with  concentrates  after 
drying  will  be  injurious  in  the  later  treatment.  Thus,  when  concentrates  con- 
taining gold  are  roasted  in  the  presence  of  salt,  there  will  be  a  tendency  for 
chloride  of  gold  to  form,  which  will  be  volatilized  and  lost.  An  instance  of 
unfavorable  results  from  using  sea  water  is  the  case  of  a  coal  washer  at  Union 
Bay,  Vancouver  Island,  which,  with  fresh  water,  reduces  the  ash  from  35.5^ 
to  8.5%,  the  fixed  ash  being  7.5%.  When  using  sea  water  (specific  gravitj, 
1.026)  the  ash  in  the  washed  coal  was  10%. 

§  819.  The  moisture  retained  by  drained  ore  is  of  importance  in  estimating 
the  moisture  in  wet  ore.  The  most  complete  figures  are  those  given  in  Table 
386  which  shows  the  percentages  of  water  found  by  Von  Reytt*®'  to  be  retained 
by  different  sizes  of  ore  from  the  mines  of  Przibram,  Bohemia,  after  thorough 
wetting  followed  by  reasonable  draining. 

The  per  cent,  of  moisture  is  based  on  the  wet  ore,  and  is  obtained  by  dividing 
the  difference  between  wet  and  dry  samples  by  the  weight  of  the  wet  samples 
and  multiplying  this  by  100.     The  table  shows  how  the  per  cent,  of  moisture 
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TABLE  386. — PERCENTAGES  OP  MOISTURE  RETAINED  BY  DIFFERENT  SIZES  OF  ,ORE 
AFTER   THOROUGH    WETTING    FOLLOWED   BY    REASONABLE   DRAINING. 


Size. 

Matorial. 

Moisture. 

Size. 

Matorial. 

MoiRture. 

Mm. 
61-38 
8;i-28 
8^16 

16-18 
18-8 
8-6 
6-4 
4-8 

Om.  (a) 

Ore. 

Oiv. 
(Ore. 
'i  Calcito. 
)Ore. 
1  Calcito. 
(Ore. 
1  Calcito. 
(Ore. 
1  Calcito. 
(Oi-e. 
1  Calcito. 

0.:^ 
0.56 
0.74 
1.83 
8.49 
8.85 
8.58 
8.01 
8.38 
8.91 
3.98 
5.66 
5.81 

Mai. 

8-8 
»-l 

1-0.6 
0.5-0.35 
0.85-0.10 
0.10-0 

(Ore. 
1  Calcito. 
(Ore. 
1  Calcito. 
(Ore. 

\  c^acito. 

(Ore. 

1  Calcito. 
(Ore. 
1  Calcito. 
(Ore. 
1  Calcito. 

% 

6.19 
6.06 
8.69 
9.80 
17.69 
18.90 
18.16 
80.44 
16.80 
90.57 
16.94 
81.69 

(a)  The  principal  minerals  in  this  ore  were  quarts,  siderlto,  calcito,  galena  and  blende. 

increases  on  the  finer  sizes.  In  addition  to  Von  Reytt's  figures,  the  author  also 
has  a  few  figures  from  the  mills.  At  Mill  27  the  concentrates  (chiefly  galena) 
below  0.9  mm.  diameter,  contain  23%  moisture  before  drying;  while  those  from 
Mill  38  (chiefly  pyrite  and  chalcocite)  from  9.5  mm.  to  below  1  mm.  in  diameter, 
with  the  coarser  sizes  predominating,  average  only  4  or  5%  moisture.  The 
concentrates  from  Mill  40  from  7  mm.  to  below  1  mm.  in  diameter  average 
4%  moisture  after  48  hours  draining.  At  the  Allouez  native  copper  mill,  Lake 
Superior,  the  water  with  concentrates  below  f^  inch  (4.76  mm.)  varies  from 
3%  for  coarse  to  12  or  13%  for  fine.  Tests**'  made  on  stuflE  ground  through 
a  60-mesh  screen  in  a  dry  process  mill,  saturated  with  water  and  then 
drained  in  33i-pound  lots  on  a  slightly  inclined  board,  showed  that  a  soft 
talc  ore  retained.  96  gallons  of  water  per  ton  of  dry  ore  while  a  harder  ore 
retained  66  gallons  per  ton.  These  figures  correspond  to  29  and  22%  moisture, 
respectively. 

In  a  cyanide  plant  the  ore  drained  for  from  4  to  20  hours  in  circular  vats 
4  feet  6  inches  deep  and  20  feet  in  diameter  through  filters  consisting  of  one 
thickiress  of  cocoa  matting  and  one.thickness  of  cotton  cloth  contained  an  average 
of  13.56%  moisture,  based  on  1,100  tons.  The  highest  was  16.75%  and  the 
lowest  10.35%.    An  average  sizing  test  of  the  material  was: 


On  40  mesh 7.e7j< 

Through  40  on  60  iiiesh...l8.89)( 
Throufch  60  on  80  mesh ...  1 .85jK 
Through  80  on  100  mesh. .  .8.56i( 


Through  100  on  180  mesh,  S.OOjt 
Through  180  mesh 66.67]( 

99.50 


It  is  stated  that  in  South  Africa*^'  the  sands  from  cyanide  treatment  (probably 
ranging  from  22  mesh  to  perhaps  100  mesh),  after  draining,  contain  12  to  14% 
moisture  or  33  to  39  gallons  of  water  per  ton  of  dry  sand,  while  in  the  slimes 
(finer  perhaps  than  100  mesh),  the  moisture  contained  is  50%  or  240  gallons  per 
ton  of  dry  slime. 

All  the  preceding  figures  agree  pretty  well  with  those  of  Table  386. 

In  the  light  of  these  figures  it  will  be  seen  that  measurements  of  the  water 
passing  off  wflh  the  mill  tailings  does  not  quite  give  the  amount  used  by  the  mill 
since  some  is  retained  by  the  concentrates  and  some  is  used  for  steam. 

§  820.  Arrangements  op  Machines  in  Mills. — American  concentrating 
mills  differ  from  many  of  the  German  mills  in  their  compact  arrangement  of 
all  the  concentrating  machinery  under  one  roof.  As  shown  in  Figs.  511  to 
524e,  ore  starts  at  one  end  and  passes  along  continuously  through  the  crushing, 
coarse  concentrating  and  fine  concentrating.  Its  general  course  is  either  in  a 
straight  line  (see  Fig.  5196)  or  in  some  cases  it  turns  at  right  angles  (see 
Fig.  516a).     The  building  is  not  necessarily  of  a  uniform  width,  but  a  mill 
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with  a  large  number  of  jigs  or  vanners  may  have  this  part  wider  (see  Fig.  522 ^  \, 
Trommels  and  classifiers  are  commonly  placed  at  a  higher  level  tlian  the  ji.L- 
so  that  their  products  are  delivered  by  gravity  to  the  final  wasliers.  The  j  l'^ 
are  placed  so  that  the  ore  in  pa*ssing  through  them  either  flows  parallel  to  ii»' 
general  course  of  the  ore  in  the  mill  (see  Fig.  520),  or  transverse  to  it  (?*-»• 
Figs.  bVZd  and  516a).  The  line  shafting  usually  runs  transverse  to  the  general 
course  of  the  ore  in  the  mill,  although  sometimes  parallel.  The  fortner  enabli:* 
most  of  the  machinery  to  be  driven  without  using  quarter  turn  belting.  The 
transverse  arrangement  of  the  jigs  works  best  with  the  transverse  line  shafting. 
The  middlings,  when  present,  are  recrushed  in  machinery  located  either  back 
with  the  first  crushing  machinery  (see  Fig.  511),  or  at  the  end  of  the  maehinr-v 
which  produce  them  (see  Fig.  516a).  The  former  is  more  common,  "while  the 
latter  is  found  more  especially  in  long  or  large  mills.  The  middlings,  wherever 
recrushed,  most  frequently  go  back  into  the  system  with  the  original  ore,  but  in 
some  cases,  especially  in  large  mills,  they  are  treated  in  separate  machines  located 
among  the  others  or  at  one  side. 

Sectional  mills,  that  is,  mills  with  two  or  more  similar  sections  arranged  side 
by  side,  occur  in  numerous  instances,  which  vary  from  mills  in  which  each 
section  is  entirely  separate  throughout,  to  mills  in  which  only  the  crashing  and 
coarse  concentration  part  is  in  sections.  As  examples,  we  have  the  gravity 
stamp  gold  mills  in  which  each  battery  with  its  plates  and  vanners  forms  an 
entirely  independent  section,  except  for  the  rock  breaker;  the  Lake  Superior 
native  copper  mills,  which  are  made  up  of  sections,  each  with  its  steam  stamp, 
classifiers,  jigs  and  tables;  also  to  a  less  degree  in  Mills  25,  38  and  others.  The 
use  of  sections  appears  more  particularly  in  the  large  mills  where  a  numWr 
of  machines  are  required  to  do  the  same  work,  and  the  sectional  arrangement 
has  the  advantage  that  it  enables  a  part  of  the  mill  to  be  shut  down  when  repair* 
or  improvements  are  necessary  or  when  ore  is  scarce,  while  it  is  just  as  cheap 
in  constructing  and  running.  As  a  means  of  testing  and  comparing  the  effiv: 
of  different  machines  or  adjustments  the  sectional  arrangement  is  of  great  value. 
Mill  44  has  one  steam  stamp  and  its  accompanying  machines,  which  are  used 
for  settling  questions  of  design  and  arrangement. 

Among  large  mills  the  one  farthest  removed  from  the  sectional  plan  is  Mill 
91,  in  which  all  of  the  ore  passes  through  every  machine  in  the  coarse  cnLahin? 
and  fine  crushing  plants ;  the  system  changes,  however,  with  the  screens,  magnets 
and'  briquetting  machines,  which  have  many  like  machines  in  parallel.  Two 
large  stock  houses  are  installed,  one  between  the  coarse  and  fine  crushing  and 
the  other  between  the  magnets  and  briquetting  machines.  In  this  arrangement 
the  stock  houses  an?  necessary  in  order  to  avoid  the  shutting  down  of  the  whole 
plant  whenever  a  breakdown  occurs  in  one  part.  This  arrangement  has  the 
disadvantajjes  in  comparison  with  the  parallel  section  arrangement  that  a  com- 
plete shutdown  is  unavoidable  where  the  breakdown  is  of  long  duration:  al-- 
that  unless  there  is  an  equal  amount  of  time  lost  in  each  section  it  will  ultimately 
be  necessary  to  reduce  the  work  of  one  section  for  a  while  in  order  to  let  th'- 
others  catch  up.  The  normal  condition  of  the  stock  houses  would  seem  to  1- 
about  half  full. 

§  821.  The  arrangement  of  the  gravity  stamp  mills  varies  somewhat.  Whep* 
the  mill  is  small  there  is  merely  one  line  of  stamps,  and  this  was  the  case  with  al. 
the  mills  of  this  class  visited  by  the  author.  In  large  mills,  however,  this  wonl- 
make  the  mill  too  long,  and  two  lines  of  stamps  arc  used.  These  two  lines  m.i'*' 
be  back  to  back  with  the  ore  bins  between  them  and  the  pulp  flawing  awav  in 
opposite  directions,  or  the  two  lines  may  face  one  another  with  the  pulp  fn>ni 
each  flowing  toward  the  other.  This  latter  arrangement  exists  in  ttie  Fat!i»^- 
de  Smet  mill.  South  Dakota.    While  it  affords  greater  convenience  in  lookin.-^ 
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after  the  work  of  the  mill,  yet  preference  is  not  given  to  it  owing  to  the  fact 
that  the  ore  bins  shut  out  the  light,  and  it  has  less  stability  and  more  vibration. 
In  this  connection  the  location  of  the  rock  breaker  is  to  be  considered.  In 
52  out  of  67  mills  it  is  with  the  mill.  In  the  other  15  mills,  among  which  are 
the  Lake  Superior  native  copper  mills,  it  is  separate  from  the  mill,  being  located 
in  a  rock  house,  generally  at  the  mine.  The  latter  location  has  several  advantages. 
It  removes  one  of  the  chief  causes  of  irregular  loading  of  the  mill  engine  and 
saves  the  production  of  considerable  dust  in  the  mill,  which  is  bad  for  the 
machinery  and  unhealthy  for  the  men.  It  avoids  considerable  vibration  at  the 
til  ill  and  saves  much  heavy  construction,  which  would  be  necessary  where  the 
breaker  is  located  at  a  height  in  the  mill.  The  smaller  size  of  the  ore  makes 
the  loading  of  cars,  especially  of  a  rope  tramway,  easier  and  gives  them  greater 
capacity  since  the  buckets  may  all  be  given  a  full  load.  It  also  does  away  with 
the  necessity  of  having  one  set  of  bins  for  coarse  and  another  for  fine  ore.  Having 
the  breakers  separate  from  the  mill  may,  however,  be  unadvisable  in  many 
cases,  since  it  has  the  disadvantage  of  adding  one  more  department  to  the  plant 
to  be  cared  for,  and  consequently  increases  the  expense  of  installation  and 
running,  especially  in  the  case  of  a  small  mine. 

§  822.  In  arranging  mills,  it  is  important  to  have  sufficient  reserve  capacity 
so  that  there  will  be  no  need  of  forcing  any  of  the  machinery,  and  so  that  the 
work  of  one  machine  may  be  temporarily  suspended  for  adjustment  or  repairs. 
The  following  instances  are  given  of  the  use  of  this  policy.  Mill  44  usually 
has  one  or  more  steam  stamps  laid  off,  together  with  the  corresponding  con- 
centrating machinery.  Rolker***  reports  that  at  the  AUouez  mill  they  were 
able  to  produce  4%  more  copper  in  the  long  run  by  running  three  steam  stamps 
continuously  and  keeping  one  in  reserve  than  they  could  by  running  all  four 
with  no  reserve.  A  classifier  may  have  one  of  its  spigots  plugged  temporarily 
while  its  jig  is  being  skimmed,  and  the  stuff  is  treated  by  the  machines  handling 
the  other  spigots.  The  overloading  for  a  few  minutes  does  no  serious  harm. 
Mill  84  has  the  launders  so  arranged  that  the  pulp  which  commonly  goes  to 
one  of  the  upper  vanners  from  each  battery  can  be  sent  to  the  two  corresponding 
lower  vanners,  which  usually  treat  the  tailings  of  the  upper  vanner.  In  this 
way  a  vanner  can  be  thrown  out  for  repairs.  This  mill  also  has  one  7-belt  Wood- 
bury vanner  in  reserve.  Other  stamp  mills  have  arrangements  for  cutting  out 
one  vanner  and  sending  its  work  to  the  others.  Mill  30  and  other  mills  have 
rock  breakers  in  reserve.  Mill  59  has  two  rock  breakers,  either  of  which  can 
deliver  into  either  of  two  bins  by  means  of  an  adjustable  chute. 

In  mill  arrangement  all  useless  apparatus  should  be  removed.  For  example,  it 
frequently  happens  in  making  changes  in  a  mill  that  certain  pieces  of  apparatus 
are  no  longer  of  any  value,  but  rather  than  take  them  out,  the  ore  is  allowed 
to  run  through  them,  thereby  entailing  a  useless  expense  to  keep  them  in  order. 
This  rule  is  not  so  frequently  broken,  however,  as  its  converse,  namely,  that 
all  good  apparatus  should  be  used  to  its  full  extent.  To  cite  an  instance,  the 
author  found  in  one  mill  a  settling  tank  which  was  capable  of  doing  most  excellent 
work  as  a  settling  device,  but  when  so  run  it  did  not  act  as  a  good  distributor. 
In  order  to  get  good  distribution  the  use  of  the  latter  part  of  the  tank  was 
given  up  and  another  settling  tank  was  put  in  to  follow  it,  whereas,  by  a  mere 
rearrangement  of  spigots  the  first  tank  could  have  been  made  to  do  both  good 
settling  and  good  distributing. 

Not  only  should  useless  apparatus  be  discarded,  but  the  economy  of  the  various 
machines  should  be  carefully  ronsidorod,  and  if  it  is  found  that  any  part  of  ih<' 
work  is  costing  more  than  is  gained  from  it,  then  that  part  should  be  immediately 
discontinued.  This  sin  is  of  rare  occurrence,  however,  the  usual  trouble  beinsr 
that  there  is  a  lack  of  machinery,  due  perhaps  to  a  short  sighted  policy,  and 
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stuff  is  thrown  away  that  might  in  a  few  months  pay  for  the  machines  that  wen 
necessary  to  treat  it.  Examples  of  this  are  the  gold  mills  formerly  sending  awav 
tailings  from  which  canvas  plants  now  make  a  handsome  profit,  that  of  Mill  5o 
amounting  to  $2,000  per  month.  Other  examples  are  in  some  Australian  gold 
mills,  which  make  no  effort  to  catch  the  concentrates  in  the  ore,  and  thus  ha\c 
a  great  loss. 

§  823.  Many  special  notes  on  arrangement  of  individual  machines  are  given 
in  Chapter  XX.  There  are,  however,  some  general  points  which  can  best  be 
discussed  here. 

The  question,  shall  machines  be  placed  in  series  or  parallel  to  do  a  given 
amount  of  work,  is  an  important  one.  As  a  rule,  it  will  be  found  that  it  is 
considered  preferable  to  use  the  parallel  arrangement,  that  is,  for  example,  havinjr 
a  given  amount  of  ore  to  be  jigged  on  two  jigs,  the  ore  is  divided  so  that  each 
jig  treats  half  rather  than  running  all  the  ore  over  the  first  jig  and  then  th? 
tailings  of  the  first  over  the  second.  AMiile  it  is  true  that  the  latter  arrangement 
has  the  advantage  that  a  grain  of  concentrates  has  to  run  the  gauntlet  of  the 
second  machine,  yet  the  ore  has  to  be  rushed  at  such  a  speed  over  the  jigs  that 
the  chances  of  losing  concentrates  in  the  tailings  are  probably  greater  than  with 
the  parallel  arrangement  where  the  stuff  is  treated  at  such  a  decreased  rate  that 
the  separation  has  time  to  take  place.  There  are,  however,  special  cas?es  where 
the  series  arrangement  is  used.  As  to  whether  this  is  an  advantage  has  not 
been  proved.  For  example,  in  Mill  54  the  pulp  from  30  stamps,  amounting  to 
100  tons  in  24  hours,  is  treated  on  six  vanners  arranged  in  parallel,  and  the 
tailings  of  these  go  to  twelve  others  arranged  in  parallel.  It  is  to  be  presumed 
that  the  larger  part  of  the  concentrates  are  taken  out  on  the  first  set,  while  the 
second  set  serves  to  catch  the  last  grains,  which  are  difficult  to  catch.  Thr 
vanners  of  the  first  set  each  treat  16j  tons  in  24  hours,  and  those  of  the 
second  set  8^  tons  (minus  the  small  amount  of  concentrates  of  the  first 
set),  whereas,  if  the  pulp  was  distributed  equally  among  the  eighteen  vanDer> 
at  the  start,  then  each  one  would  have  to  treat  only  5f  tons  in  24  hours.  Similarly 
Mills  83  and  84  both  have  two  sets  of  vanners,  the  second  set  containing  twict^ 
as  many  as  the  first.  In  Mill  83,  as  now  arranged,  each  vanner  of  the  first  ?ei 
receives  10  tons  per  24  hours,  and  each  one  of  the  second  set  treats  7i  tons 
(minus  some  concentrates  removed  by  the  first  set),  whereas,  if  the  pulp  was 
evenly  distributed  among  all  the  vanners  at  the  start,  then  each  one  would 
receive  only  5  tons  per  24  hours.  The  corresponding  figures  for  Mill  84  are: 
First  set,  now  12 J  tons  each;  second  set,  now  %\  tons  each;  if  uniformly  dis- 
tributed, 4^  tons  each  per  24  hours. 

An  argument  for  the  use  of  the  series  arrangement  rather  than  the  parallel 
in  crushing  machines  under  certain  conditions  has  already  been  given  in  §  99, 
where  graded  crushing  is  considered. 

§  824.  The  coupling  together  of  two  different  machines  so  that  one  make< 
clean,  rich  head's  while  the  other  makes  clean  tailings  is  an  idea  that  seems  to  be 
gaining  favor  with  mill  men.  It  is  to  be  recommended  as  a  very  efficient  arrange- 
ment. The  following  are  examples  of  its  use  in  the  mills.  Mill  36  enriches  the 
heads  of  the  slime  table  by  sending  them  to  a  vanner.  Mills  45  and  46  ?en'l 
slime  table  heads  to  a  kiove  which  makes  rich  heads  but  the  tailings  are  too 
rich  to  be  thrown  away  and  have  to  go  back  to  the  slime  tables.  Mill  47  usr?  the 
same  system  except  that  it  uses  tie  and  kieve  instead  of  kieve  alone.  The  ability 
of  the  Wilflpy  table  to  make  clean  heads  makes  it  particularly  adapted  to  thi> 
arrancrenio'ni  and  the  use  of  slime  tablf  s  joined  with  Wilfley  tables  is  found  in 
many  mills  of  recent  date  (i^oi^  g  099  and  §  707). 

§  825.  The  stuiT  to  be  treated  by  a  mill  can  be  divided  into  three  parts:  coar?- 
mine  ore,  mine  fines  and  middlings;  each  of  which  differs  from  the  other  tw.) 
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sufficiently  to  make  separate  treatment  preferable  although  not  absolutely  neces- 
sary. 

The  coarse  mine  ore  is  the  largest  portion  and  its  treatment  forms  the  main 
system  or  backbone  of  the  mill.  The  arrangement  of  the  machines  for  the 
treatment  of  middlings  with  relation  to  the  machines  of  the  main  system  has  been 
discussed  in  §  820. 

The  separate  treatment  of  mine  fines  is  not  practiced  in  this  country  although 
it  is  Tery  common  in  European  mills,  more  particularly  those  mills  where  the  ore 
contains  more  than  one  mineral,  say  galena  and  blende.  The  usual  scheme  is  to 
screen  out  the  finesj  that  is  stuff  below  2  or  3  inches,  and  treat  it  by  itself  while 
the  coarser  stuff  is  crushed,  picked  and  treated  separately.  (See  outline  of  the 
Clausthal  Mill  in  §  698.) 

The  scheme  is  advantageous  in  that  in  the  stuff  as  hoisted  from  the  mine,  the 
fines  (below  1^  to  3^  inches  according  to  fhe  ore)  usually  contain  considerably 
more  mineral  and  less  gangue  than  the  coarse  or  they  may  contain  an  entirely  dif- 
ferent preponderating  mineral  from  the  coarse.  This  is  due  to  the  fact  that  the 
economic  mineral  is  generally  more  friable  than  the  gangue.  There  is  logic 
therefore  in  not  undoing  a  work  that  has  been  partly  done,  that  is,  m  not  mixing 
together  again  minerals  and  gangue  that  have  been  partially  separated,  and  sep- 
arate treatment  has  the  same  advantages  as  the  separate  treatment  of  two  kinds 
of  ore  from  different  mines  has,  viz. :  that  the  adaptability  and  adjustments  of  the 
miachinery  can  be  exactly  suited  to  each  class  of  ore.  The  additional  saving  made 
by  .treating  mine  fines  separately  pays  in  the  end  for  the  larger  plant  required. 
In  this  country  however  where  mining  and  milling  are  carried  on  with  little  re- 
gard for  future  generations,  our  mill  men  do  not  care  to  make  the  necessary  out- 
lay.    Mill  12  is  an  exception  to  this. 

§  826.  The  treatment  of  different  varieties  of  ore  separately  is  to  be  recom- 
mended since  each  ore  requires  its  own  adaptation  and  adjustment  of  machinerv : 
neglect  of  this  principle  causes  poor  work.  As  examples  of  its  observance  there  are 
Mills  16  and  17,  one  of  which  treats  that  part  of  the  ore  which  is  mostly  galena 
and  the  other  that  which  is  mostly  bleiide ;  also  Mills  68  and  82,  one  for  the  gold 
bearing  ore,  and  the  other  for  the  silver  bearing  from  the  same  mine;  also  many 
German  mills  which  have  separate  divisions  for  their  galena  and  their  zinc  ores. 
This  principle  also  applies  to  mills  which  have  to  treat  ores  which  vary  con- 
siderably in  richness,  it  being  wise  to  treat  rich  mineral  separately  from  poor. 
An  example  of  this  is  in  the  gold  stamp  mills  in  the  Thames  district.  New 
Zealand,  all  of  which  have  in  addition  to  their  regular  stamps  a  single  stamp 
called  the  "specimen  stamp"  in  which  all  rich  rock  is  crushed  and  treated  sep- 
arately. Also  in  some  of  the  gold  stamp  mills  of  this  country  one  battery  is 
saved  for  treating  special  lots  of  rich  ore.  There  is  logic  in  this  scheme  since  a 
longer  and  more  careful  treatment  can  be  given  to  a  rich  ore  with  profit  which 
could  not  be  applied  to  a  poor  ore  without  loss. 

This  shows  that  the  richer  the  ore  the  more  perfect  should  be  the  arrangements 
for  treating  it.  Perfection  does  not  mean  in  this  ease  necessarily  a  more  elabo- 
rate arrangement  and  a  sacrifice  of  simplicity.  On  the  contrary  however  an 
arrangement  should  always  be  chosen  which  is  as  simple  as  possible  without  carry- 
ing the  idea  beyond  the  limit  as  was  the  case  in  one  instance  related  to  the  writer, 
of  a  mill  using  stamps  and  vanners  where  graded  crushing  and  concentrating 
should  have  been  used.  The  excuse  givcm  was  that  a  combination  of  stamps  and 
vanners  formed  a  simple  mill  which  was  the  chief  thing  to  be  desired. 

§827.  Guarding  the  Work  op  Machines. — The  writer  rendered  the  asser- 
tion in  1893  that  "every  machine,  as  far  as  practicable,  should  have  its  guard.'* 
The  best  examples  of  this  practice  are  in  those  multi-sieve  jigs  which  run  the 
first  sieves  with  a  thick  bottom  bed  to  keep  gangue  out  of  the  concentrates,  and 
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the  last  sieve  with  a  thin  bottom  bed  to  ensure  clean  tailings  by  allo^ring  a  little  of 
the  gangue  to  go  into  the  concentrates.  In  other  cases  a  machine  may  haTc 
another  one  placed  after  it,  the  first  machine  being  run  to  make  clean  heads  while 
the  second  is  run  to  make  clean  tailings. 

A  general  case  of  this  guarding  occurs  on  every  machine  which  makes  mid- 
dlings in  addition  to  the  heads  and  tailings.  The  middlings  product  not  only 
serves  to  catch  the  included  grains  which  are  not  ready  for  final  treatment  but  it 
also  serves  as  the  guard  whi-ch  receives  stray  grains  of  concentrates  which  would 
otherwise  go  into  the  tailings  and  stray  grains  of  gangue  which  would  other- 
wise go  into  the  heads. 

On  machines  like  vanners  which  make  no  middling  product  and  where  the  «- 
pense  of  having  a  second  machine  act  as  guard  is  greater  than  the  saving  made, 
the  guarding  of  the  work  has  to  be  done  by  constant  inspection  accompanied  by 
systematic  sampling  and  assaying. 

§  828.  Storing  and  Shipping  Concentrates. — The  settling,  draining  and 
drying  of  concentrates  have  already  been  discussed  in  §  349,  §  442,  §  618  and 
§  638.  Only  the  shipment  of  them  remains  to  be  considered  here.  In  looking 
through  the  mills  there  seem  to  be  six  methods  of  disposing  of  the  concentrates 
after  they  have  been  unwatered  or  settled  and  dried.  Of  these  the  first  four  ship 
them  in  bulk,  the  fifth  uses  barrels,  and  the  sixth  employs  sacks. 

(1)  The  concentrates  are  wheeled  directly  to  their  place  of  treatment.  This 
occurs  at  Mill  41  where  the  smelter  is  close  to  the  concentrating  mill  and  at  sev- 
eral of  the  gold  stamp  mills  which  have  their  chlorination  works  but  a  short 
distance  away. 

(2)  The  concentrates  are  dumped  into  open  cars  direct  and  go  to  the  smelter. 
This  occurs  at  the  Montana  mills  (38,  39,  40,  42  and  43)  which  have  their 
smeltors  only  a  few  hundred  feet  away.  It  also  occurs  at  the  Lake  Superior  Mill 
44.  The  size  of  the  cars  varies;  at  Mill  38  regular  drop  bottom  railroad  care 
are  used  while  at  Mill  40  the  cars  hold  only  l|  tons  each.  Mill  44  has  tight 
wrought  iron  side  dumping  cars  the  cross  section  of  which  is  a  parabola. 

(3)  The  concentrates  are  wheeled  into  cars  (usually  closed  cars)  direct 
This  scheme  is  used  in  Mills  22,  25,  26,  30  and  34.  Instead  of  wheeling  to  cars 
the  stuff  may  go  to  wagons  in  which  it  is  hauled  some  distance  either  to  the 
railroad,  as  is  the  case  with  the  coarse  concentrates  at  Mill  27,  or  to  the  smelter 
direct  as  in  Mill  2. 

(4)  The  concentrates  are  wheeled  to  store  bins  which  deliver  either  by  ptes 
and  chutes  or  by  shoveling  to  cars  as  in  Mills  20,  21,  32,  87  and  92  or  to  teams 
as  in  Mills  18,  24,  27  and  88.  The  details  in  some  of  these  mills  are  as  fol- 
lows: At  Mill  20  the  concentrates  are  brought  to  the  concentrates  house  in  a 
little  car.  The  house  is  10  feet  deep  and  25  feet  wide  and  it  delivers  concentrates 
by  gates  and  ehutes  to  drop  bottom  railroad  cars  which  are  trammed  by  gravity 
two  miles  to  the  locomotive.  At  Mill  21  the  bins  are  12  feet  long,  10  feet  wid^. 
and  6  feet  high.  Concentrates  come  to  them  by  barrow  and  they  are  shoveled 
out  into  railroad  cars.  Mill  10  has  a  bin  for  zinc  concentrates  which  is  13  X  17 
X  6  feet  deep  and  will  hold  100  tons.  This  mill  also  has  a  small  bin  for  lead 
concentrates.  At  Mill  24  the  concentrates  first  drain  on  a  mineral  floor  10  feet 
square.  Then  they  are  wheeled  in  barrows  to  the  shipping  floor  where  they  are 
shoveled  into  wagons  and  hauled  to  the  smelter.  The  store  bins  at  Mill  27  are 
for  only  the  fine  concentrates  which  come  from  the  drier.  The  capacity  of  the  bin 
at  Mill  32  is  50  tons.  At  Mill  91,  where  the  concentrates  are  magnetic  iron  ore 
and  are  made  into  briquettes,  they  go  bv  conveyor  to  a  large  bank  of  store  bins 
which  will  hold  many  hundred  tons  of  \\\^^9e  briquettes  and  the  bins  are  arran}?ed 
to  deliver  by  gates  and  chutes  directly  into  cars.  Although  only  case  (4)  has 
store  bins  it  is  not  to  be  understood  that  cases  (1),  (2)  and  (3)  have  no  facilities 
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for  storing  concentrates.  They  may  either  have  a  reserve  of  cars  and  wagons  on 
hand  or  else  they  may  have  large  settling  tanks  in  which  the  concentrates  may  ac- 
cumulate. Cases  (1)  to  (4),  that  is,  shipping  in  bulk,  include  the  greater  part 
of  the  mills.  When  shipped  in  bulk  in  cars  care  must  be  had  that  the  cars  are 
tight  since  fine  concentrates  will  run  through  a  hole  almost  like  water.  At  Mill 
92  strong  paper  is  used  as  lining  to  prevent  the  concentrates  from  passing  through 
cracks  in  the  car.  Closed  cars  are  more  often  employed  than  open  cars  as  they 
offer  protection  from  the  elements  and  from  theft. 

(6)  The  most  prominent  instaooe  to-day  where  concentrates  are  not  shipped  in 
bulk  is  most  of  the  Lake  Superior  native  copper  mills  which  put  their  concentrates 
in  barrels  as  fast  as  made.  The  details  of  the  practice  are  illustrated  by  Mill  48, 
where  the  concentrates  from  Nos.  1,  2,  3  and  4  jigs  are  brought  down  in  pails  to 
the  barrels,  those  from  Nos.  5,  6,  7  and  8  jigs  are  shoveled  from  their  settling 
boxes  into  barrels  and  those  from  the  kieve  are  shoveled  direct  into  barrels.  In 
barrelling  the  copper  a  boy  fills  a  barrel  with  concentrates,  then  runs  in  water  and 
settles  the  concentrates  by  pounding  the  side  of  the  barrel  with  a  wooden  mallei, 
adds  more  concentrates  and  pounds  again  and  then  adds  a  third  batch  of  con- 
centrates and  finally  draws  a  plug  at  the  bottom  of  the  barrel  to  run  off  the 
water.  This  process  greatly  reduces  the  shipping  bulk.  The  reason  for  barrelliaig 
in  these  mills  seems  to  be  the  richness  of  the  concentrates  combined  with  the  fact 
that  part  of  their  journey  is  by  land  and  part  by  water  thereby  requiring  consid- 
erable handling  in  transit.  The  expense  of  barrelling  and  keeping  the  barrels  (old 
oil  barrels)  in  repair  is  considered  to  be  less  than  the  loss  which  would  occur  if 
concentrates  were  shipped  in  bulk.  One  exception  occurs.  Mill  44,  which  formerly 
shipped  in  barrels,  but  upon  the  erection  of  a  smelter  about  half  a  mile  distant 
substituted  open  cars. 

(6)  In  regard  to  sacking  concentrates  there  are  only  two  of  the  mills  visited- 
( 1  and  27),  in  which  it  can  be  positively  stated  that  sacks  are  used  although  there 
may  be  a  few  others.  The  sacks  are  usually  about  16  X  24  inches  in  size  and  hold 
200  pounds  or  less  according  to  the  specific  gravity  of  the  material.  Sacking  is 
expensive  and  is  to  be  recommended  only  in  special  cases,  for  example,  when  the 
ore  is  very  rich,  or  when  it  is  shipped  in  small  lots,  less  than  a  carload,  or  when 
it  has  to  be  transferred  two  or  three  times  as  from  team  to  railroad  and  from 
narrow  gauge  railroad  cars  to  broad  gauge. 

The  concentrates  should  be  weighed  and  sampled  before  leaving  the  mill  where 
two  companies  are  concerned.  But  where  the  mill  and  the  smelter  both  belong 
to  the  same  company  this  work  may  be  done  at  the  mill  or  smelter  as  is  most 
convenient. 

The  crushing  of  concentrates  is  not  done  to  the  author's  knowledge  in  any  of 
the  mills  visited  by  him.  Whatever  crushing  is  necessary  before  the  metallurgical 
treatment  is  done  at  the  smelter.  One  exception  is  noted  at  Mill  30,  where  coarse 
lumps  of  rich  ore  are  picked  out  as  rich  enough  for  the  smelter  without  being  con- 
centrated. These  lumps  are  crushed  in  a  rock  breaker  before  being  shipped.  In 
foreign  mills,  however,  according  to  Kunhardt,  the  concentrates  are  frequently 
crushed  down  to  ^  inch  in  rolls  or  a  Chili  mill  before  sending  them  to  the  smelter. 
§  829.  Disposal  op  Tailings. — In  the  majority  of  mills  the  location  is  such 
that  the  tailings  go  by  gravity  to  the  dump  where  the  solid  material  accumulates 
and  the  water  runs  to  waste.  Where  water  is  to  be  used  again  the  tailings  go  to 
settling  ponds  as  already  described  im  §  349  and  §  351.  Where  there  is  not  suffi- 
cient fall  for  the  tailings  to  pass  off  by  gravity  they  are  elevated  either  by  sand 
wheels  (see  §  629),  used  in  Mill  44,  or  by  bucket  elevators  (see  §  (528),  used  in 
Mills  10,  40  and  43.  In  some  of  the  foreign  mills  tailings  are  unwatered'  and  ele- 
vated to  a  car  which  is  trammed  by  man  power  over  an  extensive  dump.     This  is 
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practicable  there  owing  to  the  cheapness  of  labor.  Mill  24  also  hauls  its  tailings 
out  by  cars  to  the  dump. 

Where  coarse  and  fine  tailings  are  put  on  the  dump  together  along  with  the 
water  carrying  them,  the  tailings  pile  will  spread  over  a  large  area  and  have  a  Tery 
gently  sloping  surface.  If  the  dumping  ground  is  large  then  tliis  does  no  harm, 
but  in  some  cases  the  dumping  ground  may  be  limited.  An  example  of  this  and 
its  solution  have  been  given  in  §  634. 

The  prospective  value  of  tailings  piles  often  deserves  more  attention  than  it 
receives.  Ore  dressing  is  progressing,  and  conditions  are  becoming  more  favorable 
so  that  many  tailings  piles  are  being  treated  to-day  at  a  profit  which  were  of  no 
value  when  they  were  made.  As  an  example  of  this  we  have  Mills  68  and  82, 
which  are  recovering  considerable  values  from  their  tailings  by  the  use  of  cyanide, 
Mill  5  which  is  working  over  its  old  tailings  by  a  Richards  hydraulic  classifier, 
canvas  plants  which  treat  old  stamp  mill  tailings,  and*  others.  In  almost  every 
case  the  profits  of  this  re-treatment  would  be  much  enhanced  if  at  the  time  the 
tailings  were  made  there  had  been  any  consideration  for  the  possibility  of  future 
treatment.  At  some  mills,  for  example  Mills  13,  18,  19  and  40,  certain  parts  of 
the  tailings  are  bei-ng  carefully  preserved  until  such  a  time  as  they  can  be  treated 
at  a  profit.  The  wisdom  of  this  course  has  already  been  shown  in  MiU  18,  where 
150,000  tons  of  zinc  tailings  had  been  impounded.  In  1899,  when  zinc  was  worth 
$0.06  per  pound,  several  thousand  tons  were  shipped  to  Belgium  via  Galveston. 
The  Wilfley  table  is  also  able  to  treat  this  stuff  profitably,  making  blende  ore 
which  is  shipped  and  lead-silvcr-iron  ore  which  is  smelted. 

The  utility  of  tailings  except  for  the  possibility  of  future  treatment  is  generally 
nil.  Sometimes  they  can  be  used  for  filling.  For  example,  in  Mill  25  they  are 
loaded  into  cars  and  hauled  away  to  be  used  by  the  railroad  for  ballast  and  em- 
bankments. Mill  91  has  a  screening  plant  to  be  used'  in  preparing  the  tailings 
for  market  to  be  used  as  mortar  sand,  locomotive  sand,  etc.,  etc. 

§  830.  Care  of  Mills. — ^WTiere  the  ore  treated  is  rich  and  there  is  a  large  mar- 
gin of  profit  a  mill  may  be  run  in  a  hap-hazard  way  and  still  make  a  profit ;  this  is 
not  however  to  be  commended.  But  where  the  mill  is  running  on  ore  which  barely 
pays  expenses  it  is  only  by  the  strictest  attention  to  details  that  a  balance  can  be 
made  on  the  right  side  of  the  ledger.  The  superintendent  is  forced  to  keep  his 
eyes  open  for  every  little  saving  and  improvement.  As  a  rule  it  will  be  found  that 
mill  problems  have  been  studied  with  the  greatest  care  and  the  greatest  advances 
have  been  made  m  the  latter  class.  Hallett  says  that  success  in  concentrating,  even 
when  the  mill  is  adapted  to  the  ore  and  is  in  perfect  condition,  lies  in  constant 
attention  to  detail,  unceasing  vigilance,  plenty  of  assaying  and  ability  to  adapt  the 
mill  to  varying  conditions.  To  this  might  be  added  experience.  Vigilance  in 
every  mill  is  necessary  in  looking  after  the  men,  the  machinery  and  the  supplies. 
It  would  be  possible  to  enumerate  a  great  many  other  points  where  vigilance  is 
required.  In  gold  and  silver  mills  the  condition  of  the  quicksilver  must  be  care- 
fully watched. 

An  instance  of  a  comparison  between  a  far-seeing  mill  superintendent  and  a 
timid  one  has  come  to  the  notice  of  the  vrriter  in  two  mills  just  alike  and  treating 
the  same  ore.  In  one  twelve  ^-inch  spigots  of  a  distributing  tank  delivered  pulp 
to  four  slime  tables,  while  in  the  other,  four  of  the  twelve  spigots  were  pluggea, 
which  gave  a  little  less  solid  material  and  much  less  water.  In  the  latter  case 
the  tables,  relieved  of  part  of  the  burden  of  water,  worked  to  better  advantage 
yielding  concentralos  31%  richer,  and  carrying  a  little  more  weight  than  the 
former. 

In  every  mill  all  work  should  be  done  as  automatically  as  possible  so  as  to 
avoid  uTinoro8Pary  handling.  Rec-ularity  in  the  rate  of  feeding,  and  as  far  a? 
possible  in  the  quality  of  the  feed  is  essential  to  good  work  in  any  apparatus, 
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and  will  save  time  which  might  be  lost  from  lack  of  feed  or  from  repairing  in- 
juries due  to  over-feeding.  As  an  example  of  this,  Wethey  reports  that  in  Mill 
43  he  increased  the  capacity  and  efficiency  of  a  Chili  mill  by  feeding  continuously 
in  front  of  each  roller  instead  of  in  one  fixed  place.  Feeding  by  machine  is 
generally  preferable  to  feeding  by  hand,  since  it  is  usually  cheaper  and  more  effi- 
cient A  comparison  at  Baibl  between  feeding  Salzburg  tables  by  shoveling  on 
the  ore  and  by  delivering  it  in  a  stream  of  water  over  a  feed  board  gave  the 
results  shown  in  Table  387.  These  results  are  in  favor  of  the  machine  feeding 
in  every  case  on  three  sizes  of  pulp. 

TABLE  387. — ^FEEDING  SLIME  TABLES. 


Coarse  Meal. 

Medium  MeaL 

Fine  Meal. 

Extra  quantity  fed  in  percent 

7 

9.6 
84 

14 

6 
85 
8] 

9 

94 

Kztra  saving  of  lead  in  percent 

19 

Extra  savinK  of  zinc  in  percent 

80 

89 

Irregularity  of  output  resulting  from  irregularity  of  feeding  is  often  a  cause 
of  much  annoyance.  For  example,  in  the  case  of  a  cyanide  plant  which  is  only 
just  large  enough  to  treat  the  average  amount  of  ore  crushed  by  a  gold  stamp 
mill,  the  output  of  the  latter  may  be  so  variable  as  to  cause  losses  due  either  to 
irregular  treatment  in  the  cyanide  plant  or  else  to  the  running  of  some  material 
to  waste  without  cyaniding. 

§  831.  The  adjustments  of  a  machine  after  being  once  settled  upon  should  be 
kept  as  nearly  constant  as  possible  and  no  machine  should  be  expected  to  run  with- 
out intelligent  care.  The  quantity  and  quality  of  the  feed  to  a  machine  should  be 
proportioned  to  the  ability  of  the  machine  and  it  is  bad  practice  to  undertake  to 
force  the  machine  or  the  whole  mill  since  there  is  great  liability  that  a  break- 
down may  occur,  or  if  not  the  work  is  inefficiently  done,  losses  are  greater  and  the 
net  result  is  little  if  any  gain.  Little  stoppages  should  be  carefully  looked  after. 
f  n  one  mill  it  was  found  that  these  stoppages  were  greatly  reduced  by  simply  keep- 
ing a  record  of  the  cause  and  length  of  each ;  this  seemed  to  put  the  men  on  their 
mettle.  In  another  case  where  great  annoyance  was  caused  by  drill  points  com- 
ing to  the  rolls  this  trouble  was  almost  done  away  with  by  having  the  blacksmith 
refuse  to  sharpen  any  drill  that  was  unaccompanied  by  its  broken  piece.  At  the 
same  time  the  miners  were  fined  for  not  picking  up  broken  bits. 

An  economical  mill  man  will  look  after  his  old  material  and  not  allow  it  to  be 
thrown  away.  Among  the  opportunities  of  saving  in  this  way  which  have  been 
considered  in  previous  chapters  are  the  use  of  old  mine  rails  or  old  stamp  stems  for 
^izzly  bars,  old  boiler  tubes  for  laimders,  old:  stamp  screens  for  riffles,  old  trommel 
screens  for  jig  screens,  old  jaw  breaker  toggles  for  pounding  blocks,  etc.,  etc. 
Under  this  head  comes  also  the  saving  of  values — in  the  gold  stamp  mill,  for  exam- 
ple, by  treating  in  a  clean  up  barrel  the  drainings  and  sweepings  of  the  mill,  the 
burned  chips  from  the  mortar,  the  old  rusted  screens,  etc.,  or  in  a  silver  mill  by 
running  all  the  drainings  of  the  mill  through  an  agitator. 

§  832.  Percentage  op  Extraction. — The  question,  how  much  can  a  mill 
save,  or  what  saving  will  give  the  greatest  profit,  is  always  asked  by  the  engineer 
who  is  planning  to  build  a  mill.  Figures  on  the  saving  actually  reported  by  the 
mills  are  pven  in  Table  388.  A  summary  of  the  data  in  this  table  shows  that 
the  extractions  of  zinc  range  from  25  to  98%,  average  75%  ;  of  lead,  from  62  to 
90%,  average  83% ;  of  silver,  from  40  to  90%,  average  73% ;  of  gold,  from  30 
to  98%,  average  83% ;  of  copper,  from  70  to  85%,  average  83% ;  of  iron,  from 
81  to  95%,  averaffo  89%  ;  two  mills  on  pyrite  sliow  oxtraetions  of  9n  and  97% 
sulphur.  Tt  will  bo  seen  that  tliere  is  considerable  variation  in  the  different  mills, 
the  amount  depending  upon  the  individual  conditions,  as  follows : 
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TABLE  388. — ^PEHOENTAGE  OF  EXTRACTION  AND  LI^TS  OF  CONCENTRATION. 


Mill  Number  or  Name. 


St.  Symphorlen. 


10. 
11. 
18. 


OOjf  zinc. 


18. 
14. 


07^  sulphur. 


Sulphur  Mines  &  R.R.  Co. 

15 

16 


96)(  sulphur., 
8^  zinc , 


17 

18 

19 

Vieille  Monta^ne 

» I^el 

81 


88 

84 

25 

86 

87,  old.. 
27,  new . 
88 


80 

81 

32,  old.. 
88,  new  . 


84.. 
85. 
86., 


87. 

Himmelfahrt. 

Lauren  burg.. 

CiauBthal 

38 


40.. 
41.. 
48.. 
48. 
44., 
46.. 
46. 
47. 
48., 
49., 
SO., 
51., 
52., 
53. 
54. 
55. 
56. 
57. 
58. 

r>9. 

60. 
61. 
08. 
68. 
64. 


66.. 

67.. 

68.. 

69.. 

70. 

71.. 

78.. 

78.. 


799(  lead  and  zinc 

85^  lead  ,68)(  silver  7G%  gold 
90%  gold  and  silver 


87to90j(lead 

8Bj<lead 

75  to  85%  lead,  40%  silver. . 
90^  silver  and  gold 


Percent  Extraction. 


Undersize  of 
gravel  screen 


minch. 


nch(6X 

i'inch 

4  inch 

1  inch 

About  IH  inch. 

1^1  inch 

(c) 

^inch 

I  inch 

8  mesh 

94  inch 


Over  W%  silver  and  16ad . . 
eo%  silver,  over  9Uj(  lead. . . 

?6X  lead,  72j(  silver 

90j(  lead,  80)(  silver 


75  or  80^  lead  and  silver. 

755S  lead,  50j<  silver 

90)(  lead.  78)(  silver 


90^  lead,  m%  silver,  35^  zinc 

68^  lead,  79^  silver,  40j(  sul 

phur*" 


80  to  85^  copper  and  silver 


70  to  S5%  copper  and  silver 


84j(  copper 


90  to  95j<  gold,  Qo%  silver. 


B0%  copper,  60^  silver.. 

%go\d^y^v^y^'.'.'.'^ 
85'to  9^  gold '.'.'.  *.!'.!;;; 


90%  gold 

80to903tgold., 

OOjfgold , 

96or97Xgold. 


Largest  Size 

Concentrates 

Saved,    (a) 


75^  gold 

97^  gold 

8«>5t  silver,  85jf  gold 

98Xgold 


90  to  95^  gold. 


4  inch 

clinch 

9|inch(6) 

80  mm 

10  mm 

0.14  inch 

8  mesh 

80  mm 

j- 0.85  inch 

0.18  inch 

0.4  inch  (6) . . . . 

7  mm 

10  mm 

2U  mm 

5.7  mm 

88.1  mm 

19.1  mm 

40  mm 

6  nun 

85  mm 

Over  18  nun 

Over  10  mm.... 

15  mm 

18.7  mm 

15  mm 

Over  16  mm.... 

18.7  mm 

85  mm 

[16  mm 

85  mm 

17.7  mm 

.38.1  mm 

54  mm 

20  mm 

15.9  mm 

12.7  mm 

1  inch 

4.76  mm 

4.76  mm 

4.76  mm 

4.76  mm 

4.78  mm 

60  mesh 

8  mesh 

H  Inch 

9.5  mm 

0  70  mm 

84  mesh 

1.10  mm 

1.60  mm 

0.70  mm 

0.59  mm 

0  035  mm 

40  mesh.. 

0.81  mm 

0.75  mm 

25  mesh 

0.69  mm 

0.76  mm 

0.61  mm 

0.64  mm 

0..52  mm 

0.66  mm 

No  data 

80  mesh 

0.66  mm 

0.76  ram 


U  udersize  of    ravel 

screen 

IH  inch 

H  Inch  (6) 

1  inch 

A  inch 

^  inch  ...  

A  inch 

clinch 

(c) 

H  inch 

1  inch  and  over. . . . 
8  mesh 

inch 

inch 

inch 

inch  (6) 

mm 

10  mm 

0.14  inch 

3  mesh 

80  mm 


Largest  Size 

Tailings  Thrown 

Away,    (a) 


If:. 


0.85  inch 

inch 

4  inch  (6) 

7  nun 

10  mm 

6  mm 

5.7  mm 

1  mm 

1  mm 

16  mm 

6  mm 

85  mm 

Over  18  mm 

S  mm 

Over  16  mm 


Maximum  Grain  in  tbe 

Finest  Sise  to  whieh 

Middlings  are 

Becrashed. 


/  No  recmshing. 


Through  rolls  set  dose. 
No  recmshing. 


Through  rolls  set  dose. 

4i  ti  il 

4(  it  M 

No  recmshing. 

About  1  or  8  mm. 

Through  rolls  set  close. 

A  Inch. 

Through  rolls  set  dose. 


A  inch  {by. 


rough  rolls  set  close. 
0.54  mm. 
1  mm. 
1  mm. 
8  mm. 

No  recmshing. 
5  mm. 
8^  mm. 
8  mm. 
8  **>n^- 

18.7  mm Tlirough  rolls  setokneL 

15  mm Data  not  given. 

Over  16  mm \2}i  mm. 

18.7  ram jData  notgiveo. 

^'*  mm 30  mesh. 


16  mm 8  nun 


25  mm , 

13.8  mm 

8^  mm 

._  mm 

3  mm 

8.8  mm 

4.76  mm 

19  mm 

4.76  mm 

4.76  mm 

4.76  mm 

4.76  mm 

4.76  mm 

60  mesh 

8  mesh 

i  inch 

.5  mm 

0.70  mm 

84  mesh 

40  mesh 

1.60  mm 

0.79  mm 

0.59  mm 

0.685  mm 

40  mesh 

0.81  mm 

0.75  mm 

85  mesh 

0.69  mm.. 

0.76  ram 

0.61  mm 

0.64  mm 

0.58  mm 

0.66  mm.. 

No  data. 

80  mesh 

0.56  mm 

0.76  nun 


1^  mm. 
'  mm. 

^  mm. 

>2  nun. 
3  mm. 
8.8  mm. 
2.6  mm. 
_  mm. 
0.1  inch. 
4.76  nun. 
4.76  mm. 
4.76  mm. 
4.70  mm. 
80  mesh. 
No  recmshing. 


40] 

No  recmshing. 
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TABLE    388. — ^PERCENTAGE    OF    EXTRACTION    AND    LIMITS    OF    CONCENTRATION- 

ConiinuQd, 


Mill  Number  or  Name. 


Percent  Extraction. 


Largest  Size 
Concentrates 
Saved,    (a) 


Largest  Size 

Tailings  Thrown 

Away,    (a) 


Maximum  Grain  in  the 

Finest  Size  to  which 

Middlings  are 

Recrushed. 


74. 
75. 
T5. 
77. 
78. 
79. 
80. 
81. 
88., 
83., 

84. 

86.. 

86.. 

87.. 

88., 
89.. 
90.. 
91. 


90to95)(gold. 
7Wgold 


M]t  gold,  74)(  sUver. 

SOjfgold 

SWgold 

30%  gold 


68^  silver,  87^  gold 

aojfsilver 

aajC  gold,  70^  silver,  85jt  \ 
lead  and  copper ) 


90  to  98jt  gold,  75  to  86j(  ( 
silver f 

SSjt  silver,  gold,  copper  j 
and  lead f 


9()3firon. 


Joseph  Wharton 

Witherbee-Sherman. 
98 


98 

Monteponi  Zinc 

Monteponi  Magnetic. . 
Elmore  Oil                I 
Concentration  Mill.  \  ' 
Canada  Corundum. . . 
King   Brothers) 
Jf 


Sljtiron 

96fiiron 

Over  9^  sine. 


0.76  mm.. 
18  mm.. 
80  mesh..., 
0  43  mm.. 
Very  fine... 
Very  fine.. 
Very  line.. 

None 

0.5S  mm.., 
0.42  mm... 

0.41  mm... 

4  mesh  . . . . 

9  mm 


8  mesh . 

8  mesh . 
2.1  mm 
6.4  mm. 
0.5  mm. 
H  inch. 
4  mesh . , 
1.6  mm., 
6  mm... 
40  mm... 


0.76  mm 

1.18  mm 

80  mesh. 

0.48  mm 

80  mesh , 

0.56  mm 

0.76  mm 

0.76  mm 

0.52  mm , 

0.4'^!  mm , 

0.41  mm 

Below  12  mesh. . 

1^  mm 


No  recrushing. 


)  mesh. 


Asbestos  Mine ) 


n  1 

80  mesh. 
12  mesh.. 


0.64  mm....... 

2.1  mm , 

6.4  mm 

1.5  mm , 

i  inch , 

S  mesh , 

.5  mm , 

Below  Vi  inch., 

90  mm 

6  mm 

30  mesh 

11  mm , 


19.1  mm 1.6  nun 


Stamped  fine. 
0.43  mm. 

80  mesh. 

0.64  mm. 

Through  rolls  set  close. 

0.5  mm. 

Through  rolls  set  dose. 

16  m^h. 

No  recrushing. 

U  41 

Through  rolls. 
Through  rolls. 

No  recrushing. 

1.6  nun. 

Through  fine  grinder. 


(a)  Not  including  sizes  hand  piclced.  (6)  Through  rolls  set  at  this  space,  (c)  Practically  same  as  Mill  10. 
(d)  From  galena  ore.    (e)  From  pyrite  ore. 

(1)  The  Ease  of  the  Separation. — ^An  ore  with  considerable  difference  in  spe- 
cific gravity  between  the  valuable  mineral  and  the  waste,  and  with  the  valuable- 
mineral  in  coarse  crystallization  and  not  of  a  friable  character,  will  yield  a  high 
extraction.  The  opposite  conditions,  however,  will  make  the  problem  difficult,  and 
reduce  the  saving,  even  though  extra  care  is  taken  in  the  dressing.  Note  in  Table 
388  that  the  saving  of  silver  averages  less  than  gold  or  copper,  probably  due  to 
the  greater  friability  and  finer  dissemination  of  silver  minerals  as  a  rule. 

(2)  The  Value  of  the  Ore, — The  more  valuable  the  ore  the  greater  is  the 
extraction,  as  a  rule.  There  are  two  reasons  for  this :  First,  a  rich  ore  justifies 
more  care  and  expense  in  the  treatment ;  second,  it  is  possible  to  reduce  the  tailings 
from  a  rich  ore  to  nearly  the  same  value  as  those  from  a  poor  ore.  As  an  example 
of  the  second  statement,  the  results  of  three  runs  on  three  lots  of  Nova  Scotia 
free  milling  gold  ore  of  different  grades,  but  from  the  same  mine,  are  given  as 
follows : 


Ore  Assay  in  Ounces 
Gold  per  Ton. 

Tailings  Assay  in 
Ounces  Gold  per  Ton. 

Percent  of  Gold 
Extracted. 

hun  1 

1.28 
0.88 
0.06 

0.06 
0.06 
0.06 

96.18 
«B.74 
46.18 

Run« 

Runs 

These  figures  are  more  favorable  than  wonld  be  obtained  from  many  ores — ^for 
example,  galena  ores. 

§  833.  (3)  The  Obtaining  of  the  Maximum  Profit. — This  is  perhaps  the 
greatest  factor  of  all  in  deciding  the  percentage  of  extraction.  The  extra  care 
and  expense  necessary  to  obtain  a  high  saving  may  more  than  offset  the  extra 
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amount  recoyered.  This  will  be  clear  from  the  following  table^  made  up  on  the 
assumptions  that  an  ore  containing  5%  copper  is  being  treated,  that  copper  is 
worth  $0.15  per  pound  in  the  form  of  concentrates,  that  400  tons  of  ore  can  be 
treated  per  day  when  75%  is  saved,  while  only  50  tons  can  be  treated  when 
95%  is  saved;  and  that  the  costs  vary  according  to  the  amount  of  ore  treated. 


Ore  Treated 
per  Day. 

TOD8. 

Colt  per  Tod 
for  Hlnioi;. 

CostperTon 
for  HmiDf?. 

Total 
Cort. 

PBToent 
BxtncUon. 

Value  of 
Product. 

Profit 

Per  Day. 

BvToa. 

60 

100  • 
200 
400 

$8.00 
2.26 
1.50 
1.00 

12.00 
1.80 
0.80 
0.60 

1260 

460 
flOO 

26 

go 

86 
76 

fn2.50 
1,850.00 
2,660.00 
4,600.00 

$402.50 

006.00 

2.000.00 

8.200.00 

$8.25 
2.96 

10.45 
2.75 

This  indicates  that  it  is  probably  better  to  aim  for  an  extraction  of  about  85%, 
treating  200  tons,  in  this  particular  case.  Possibly  it  might  be  wise  to  go  up  to 
90%  extraction,  treating  100  tons;  this  would  depend  upon  whether  the  future 
value  of  the  100  tons  left  in  the  ground  might  increase,  owing  to  improvements 
in  ore  dressing  and  in  the  value  of  the  product,  and  also  upon  whether  the  investor 
desired  to  make  a  large  or  a  small  investment  and  a  quick  or  a  slow  return.  The 
best  results  technically  are  not  always  the  best  commercially. 

The  American  idea  appears  to  be :  Simple  mill,  small  investment  (in  propor- 
tion to  tonnage),  high  capacity,  reduced  cost,  reduced  percentage  of  extraction, 
increased  profit  per  ton  and  quick  return  on  the  investment.  The  European 
idea,  in  many  cases,  appears  to  be  just  the  opposite. 

(4)'  The  Amovnt  of  Concentration,  or,  in  Other  Words,  the  Purity  of  the 
Concentrates, — It  is  obvious  that  the  cleaner  the  concentrates,  the  greater  the 
losses  in  the  tailings,  and  consequently  the  less  the  saving.  Here,  again,  it  is  a 
question  of  dollars  and  cents — ^whether  the  increased  value  of  high  grade  concen- 
trates more  than  offsets  the  increased  losses  in  the  tailings.  Local  conditions 
have  to  be  studied  to  decide  this  point ;  high  freight  rates  will  make  it  desirable 
to  eliminate  as  much  gangue  as  possible;  smelting  charges  usually  decrease  as 
the  quality  of  the  concentrates  increases,  except  in  cases  where  the  nature  of  the 
gangue  is  such  as  to  make  it  valuable  as  a  flux;  penalties  are  put  upon  certain 
ores  by  the  smelters — for  example,  on  lead  ore  with  over  10%  zinc  in  Colorado, 
and  in  order  to  comply  with  these  requirements  it  is  necessary  to  sacrifice  some 
of  the  lead,  thereby  lowering  the  percentage  of  extraction. 

§  834.  Limit  op  Concentration. — This  is,  as  we  have  already  seen,  a  purely 
commercial  limit.  The  mill  man  should  chase  the  values  just  as  long  as  the 
amount  recovered  yields  a  profit  over  and  above  the  cost  of  getting  them;  in 
reckoning  this  cost,  the  interest  on  the  investment  should  be  included. 

Cases  may  occur  where  a  mill  is  built  on  the  instalment  plan.  Let  us  suppose 
that  we  have  an  ore  in  which  the  valuable  mineral  is  in  coarse  crystallization. 
Then  the  simplest  operation  would  be  to  crush  the  ore  and  jig  it  straight  without 
any  sizing  or  classification,  the  products  of  the  jigs  being  finished  products. 
Such  a  plant  would  probably  yield  the  greatest  initial  catch.  The  next  addition 
would  probably  be  to  introduce  sizing  and  classifying  apparatus,  yielding  prod- 
ucts to  be  treated  separately  on  different  jigs.  Next,  fine  concentrators  might  be 
added  to  save  the  values  in  the  finer  portions  of  the  ore,  which  cannot  be  treated 
by  the  jigs.  Each  addition  would  result  in  a  higher  percentage  of  extraction. 
Attention  would  probably  next  be  given  to  the  middlings  products,  and  apparatus 
would  be  installed  to  treat  them — both  crushing  and  washing  machinery  for  the 
coarse  middlings,  and  washing  machinery  alone  for  the  fine  middlings!  Inves- 
tigation of  the  slimes  might  show  that  it  would  pay  to  add  a  canvas  plant  to  save 
the  finest  material.  Thus  additions  might  continue  for  the  re-treatment  of  the 
middlings  just  as  long  as  the  values  recovered  exceed  the  cost  of  recovery. 
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To  show  how  this  qiiestion  is  solved  in  the  mills,  data  has  been  collected,  which 
i.s  given  in  Table  388.  This  tells  for  each  mill  the  largest  size  of  concentrates 
saved,  the  largest  size  of  tailings  thrown  away,  and  the  maximum  grain  of  the 
finest  size  to  which  middlings  are  recrushed.  In  constructing  the  table,  no 
attention  was  paid  to  products  obtained  by  hand  picking,  since  many  mills  save 
smelting  ore  and  also  throw  away  waste  from  the  ore  as  it  comes  from  the  mine, 
and  to  include  these  sizes  would  make  the  data  misleading. 

Careful  study  of  the  table  will  bring  out  many  facts.  The  general  rule  seems 
to  be  to  save  the  concentrates  as  coarse  as  possible,  but  to  crush  the  tailings 
considerably  finer  before  throwing  any  away.  Those  mills  in  which  there  is  no 
recrushing  have  concentrates  saved  and  tailings  discarded  both  at  the  same  size. 
Such  are  the  hand  jigging  mills  (1,  2  and  3),  and  the  sulphur  mills  (13  and 
14),  where  it  does  not  pay  to  treat  the  products  further.  The  gold  mills  (56 
ei  seq.)  crush  so  fine  at  the  start  that  the  concentrates  and  tailings  are  both  of 
the  same  size.  There  are  two  mills  in  the  table  (25  and  new  Mill  32)  which  arei 
exceptional  in  that  the  maximum  size  of  the  tailings  is  larger  than  the  maximum 
size  of  the  concentrates. 

The  finest  sizes  to  which  middlings  are  crushed,  varies  considerably  in  Table 
388.  In  those  mills  which  do  not  recrush  middlings,  we  might  consider  that 
the  middlings  are  as  large  as  the  concentrates,  while  in  other  mills  the  middlings 
are  much  smaller  than  the  concentrates;  for  example,  in  old  Mill  27  the  crushing 
of  middlings  is  continued  down  to  ^  the  size  of  the  coarsest  concentrates. 

Every  mill  man  should  see  that  he  has  carried  his  concentration  to  the  limit. 
Familiar  examples  where  the  limit  has  not  been  reached  in  the  past  are  as  follows : 
The  Cornish  tin  mills  send  away  so  much  value  in  the  tailings  that  the  treatment 
of  them  by  stream  workers  is  a  lucrative  business.  A  similar  state  of  affairs 
occurs  in  some  Australian  gold  mills  which  have  little  or  no  concentrating 
machinery.  Canvas  plants,  treating  tailings  from  gold  mills  and  other  mills  in 
this  countrv',  save  values  which  formerly  went  to  waste.  Some  of  the  mills  at 
Butte,  Montana,  recrush  and  rewash  jig  tailings  formerly  thrown  away. 

There  are  two  sources  of  loss  which  may  occur  and  which  it  is  proper  to  speak 
about  here :  Valuable  fine  material  may  escape  by  being  attached  to  coarse  waste 
in  the  form  of  dust  or  slime.  Comparatively  large  sizes  of  concentrates  may  be 
carried  off  into  the  tailings  by  greasy  flotation. 

The  mill  man  will  find  that  his  medium  sizes  of  concentrates  are  generally  the 
richest.  The  value  of  the  coarse  sizes  is  reduced  by  the  presence  of  gangue 
attached  to  the  valuable  mineral  in  the  form  of  included  grains,  while  the  fine 
sizes  contain  some  free  grains  of  waste  which  are  difficult  to  remove. 

§  835.  Tendency  and  Future. — The  tendency  is  distinctly  toward  graded 
crushing,  graded  sizing  and  graded  washing.  The  jigging  of  larger  sizes  is  being 
experimented  upon  until  certain  mills  are  jigging  1  to  li-inch  stuff  with  good 
results  in  the  prevention  of  slimes  and  in  diminishing  the  cost  of  crushing. 
Although  the  invention  of  tables  of  the  Wilfley  type  has  given  some  strength  to 
the  plan  advocated  by  Hallet  and  Bartlett  of  breaking  the  whole  lot  of  ore  to 
a  small  size  before  abstracting  any  portion  of  the  values,  yet  this  scheme  seems 
destined  to  be  of  limited  application  only,  since  the  former  scheme  has  two 
great  advantages  over  it:  the  lump  ore  is  not  slimed  with  its  resultant  losses, 
and  the  power  for  crushing  it  is  saved. 

The  future  progress  to  be  made  in  ore  dressing  will  probably  be  more  in  the 
development  and  perfection  of  the  existing  processes  and  machines  than  in  the 
introduction  of  new  processes.  Not  that  new  processes  do  not  appear, — for  they 
are  brought  out  constantly; — but  their  disappearance  is  usually  as  sudden  as  their 
appearance.  The  modem  wet  concentration  method  seems  eminently  suited  to 
most  of  the  problems,  but  it  is  weak  or  altogether  fails  when  there  is  only  a  slight 
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difference  in  specific  gravity  between  the  mineral  and  gangue  or  when  water  is 
lacking,  or  when  dealing  with  very  fine  slimes.  Under  these  conditions  it  U- 
couies  necessary  to  make  use  of  some  one  of  the  special  processes  given  in  Chap- 
ter XV III.     For  the  separation  in  such  cases  a  broad  theoretical  basis  is  lacking. 

The  future  of  ore  dressing  as  it  will  be  affected  by  the  tables  of  the  Wilflev 
type  which  have  been  so  successfully  substituted  for  slime  tabks,  vanners  and  line 
jigs  is  still  undecided.  It  seems  possible  that  by  modifying  the  riffles  and  the 
adjustments  this  principle  may  be  applied  with  success  to  much  coarser  material 
than  at  present  attempted.  Time  alone  will  answer  this  question.  It  seems  cer- 
tain, however,  that  the  tables  of  the  Wilfley  type  have  not  yet  reached  the  limit 
of  their  possibilities. 

Similarly  the  author  believes,  in  the  light  of  certain  experiments  he  has  made, 
that  slime  tables  may  be  used  successfully  upon  coarser  sizes  than  at  present. 

§  83C.  Of  all  the  suggestions  that  the  author  has  to  make  for  the  future,  the 
one  to  be  particularly  emphasized  is  more  experimental  study.  Hardly  a  ques- 
tion has  been  discussed  on  which  our  knowledge  is  complete,  and  on  many  it 
is  entirely  lacking.  Ore  dressing  is  a  difficult  art,  from  the  fact  that  no  two 
ores  are  alike,  and  a  process  must  be  studied  out  for  each.  The  difficulty  of  the 
problem  is  commonly  undervalued.  One  mill  is  designed  to  separate  galena, 
blende  and  quartz  in  Missouri  and  another  for  Colorado,  but  if  either  was  erecu^l 
in  the  other  place  it  would  make  an  entire  failure.  The  Colorado  mill  treatinjr 
galena,  blende  and  quartz  has  graded  crushing  and  sizing  and  crushes  everything 
to  :i-inch  or  less,  while  the  Missouri  mill  with  the  same  minerals  simply  crushe> 
to  a  limiting  size  of  ^-inch  or  larger  and  jigs  everything  on  a  coarse  jig  with 
open  bed  and  much  suction,  thus  quickly  throwing  away  a  large  amount  of  waste 
and  re-treating  the  "smittem'*  or  remainder  on  other  jigs.  The  difference  is  due 
to  comparatively  fine  crystallization  in  Colorado  and  coarse  in  Missouri,  and  to 
the  fact  that  the  Colorado  ore  carries  enough  silver  to  justify  more  expeni-e 
than  the  non-argentiferous  Missouri  ores.  Another  example  is  Mills  44  and  47, 
which  are  both  in  the  same  locality  and  both  treat  native  copper  rock.  Mill  4? 
has  considerable  mass  copper,  so  that  about  30%  of  the  total  product  is  re- 
moved by  hand  picking  (assisted  considerably  by  drop  hammer  and  sledges). 
Mill  44  has  less  mass  copper,  though  there  is  considerable  hand  picking.  Mli 
44  has  copper  so  finely  disseminated  that  there  has  to  be  more  re-treatment  «jf 
products  than  at  Mill  47. 

Ore  dressing  is  generally  left  to  self-taught  men  who  may  be  quick  witted,  but 
who,  as  a  rule,  do  not  know  what  is  going  on  in  other  parts  of  the  world.  They 
are  oftentimes  not  even  backed  by  the  management.  They  take  samples  of 
tailings  and  send  them  to  headquarters,  assays  are  made  and  results  put  on  file 
in  the  office  for  the  benefit  of  posterity,  but  the  mill  man  never  sees  the  result?, 
and  he  is  the  one  man  who,  by  seeing  and  understanding  them,  can  bring  profit 
to  the  owners  therefrom.  Ore  dressing  should  be  made  a  profession,  'fliere  is 
often  more  to  be  saved  by  good  ore  dressing  than  by  anything  else  about  the 
mine. 

§  837.  The  slimes  question  is  one  point  on  which  the  author  believes  there 
is  much  room  for  improvement.  In  discussing  this  question  there  are  two  ideai; 
to  be  considered :  first,  the  means  of  preventing  slimes  as  far  as  possible ;  second, 
the  arrangement  for  treating  such  as  are  unavoidably  made. 

For  the  prevention  of  slimes  the  use  of  graded  crushing,  graded  sizing  and 
graded  jigging  is  probably  the  greatest  help.  This  has  been  previously  discussed 
in  several  places  in  the  book  and  needs  no  further  explanation  here.  For  the 
crushing,  rolls  are  to  be  preferred  in  general  to  stamps  and  most  other  fine 
pulverizers.  Only  on  rare  occasions,  as  for  the  ven'  fine  crushing  of  middlin«r«« 
is  the  use  of  stamps  justifiable.    As  an  example  of  how  much  material  may  be 
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carried  oflf  as  slimes,  it  is  stated  that  on  Band  ores  in  South  Africa,  where  the 
pulp  from  stamps  passes  over  spitzkasten  which  yield  spigot  products  to  cyanide 
treatment  and  overflow  to  waste,  the  slimes  in  the  overflow  amount  to  approxi- 
mately 40%  of  all  the  stamp  pulp  that  would  pass  through  a  90-mesh  sieve. 
TjOfs  fines  are  also  formed  when  crushing  is  done  wet  than  dry.  Screening  between 
the  breaker  and  rolls  and  also  the  use  of  separate  rolls  for  coarse  and  fine  material 
will  reduce  the  amount  of  slimes.  On  a  soft  galena-blende  ore  at  Ramsbeck,  in 
Westphalia,  the  grizzly  has  only  30-mm.  spaces,  instead  of  the  usual  50  or  60-mm. 
This  sends  finer  ore  to  the  cobbing  and  avoids  much  of  the  fines  which  would  be 
made  if  the  stufli  between  30  and  60-mm.  were  crushed  direct  by  machine.  While 
graded  sizing  will  save  losses  by  slimes,  yet,  when  carried  to  extremes,  the  ad- 
vantage desired  may  be  lost  owing  to  the  large  amount  of  attrition  which  results 
frora  the  rounding  of  the  grains  in  passing  the  ore  over  the  large  number  of 
screens  and  concentrators  necessary  when  close  sizing  is  used.  This  attrition 
causes  losses  in  slimes.  Attrition  may  occur  in  other  ways,  and  to  keep  it  down 
all  unnecessary  handling  of  the  ore  should  be  avoided  and  the  necessary  handling 
should  be  done  by  proper  machinery.  For  examnle,  the  use  of  centrifugal  pumps, 
e8pecially  of  the  radial  discharge  type,  is  to  be  condemned  for  elevating  soft 
ores  like  galena;  buckcrt  elevators  would  be  better.  There  is  one  loss  from  at- 
trition that  cannot  well  be  prevented,  and  that  is  from  the  wear  that 
occurs  in  the  bed  of  a  jig. 

Slime  losses  may  be  reduced  by  taking  care  that  where  the  coarse  is  separated 
from  the  fine  it  be  thoroughly  done.  By  exercising  this  care  not  only  will  losses 
of  slimes  be  saved,  but  the  washing  of  the  coarser  material  is  better  and  easier 
done.  Examples  of  losses  of  slime  from  its  being  mixed  with  coarse  are  on  jigs 
which  are  fed  with  imperfectly  classified  material,  slime  tables  and  vanners 
fed  with  extremely  fine  pulp  mixed  with  the  coarse.  On  the  slime  tables  the 
very  fine  concentrates  are  lost  off  the  sand  side  of  the  table,  while  on  the  vanner 
they  pass  down  with  the  tailings.  The  remedy  for  both  of  these  losses  is  to 
separate  out  the  extremely  fine  and  treat  it  by  itself.  Greasy  flotation  (see 
§  2 )  is  a  source  of  slime  loss  which  may  be  partly  prevented  by  making  sure  that 
the  ore  is  thoroughly  wetted  at  the  start  and  that  during  the  course  of  its  treat- 
ment it  does  not  have  an  opportunity  to  partially  dry  again.  For  getting  the 
slimes  away  from  the  coarse  as  early  as  possible  all  the  ore  at  Ammeberg,  Sweden, 
below  2.5  mm.  goes  to  a  hydraulic  classifier,  which  takes  out  the  slimes  and  leaves 
the  relativelv  coarse  to  go  to  fine  screens.  At  Clausthal  a  similar  plan  is  fol- 
lowed (see  §290). 

There  are  two  ways  in  which  the  dilution  of  fine  slimes  may  be  cut  down: 
First,  by  screening  to  finer  sizes,  adopting  the  European  limit  of  1  to  1^  mm. 
for  the  finest  screen  instead  of  the  2  to  3  mm.  size  generally  used  in  this  country ; 
second,  in  cutting  down  the  number  of  ordinary  hydraulic  classifiers  (see  §  286). 

The  actual  treatment  of  fine  slimes  is  by  no  means  an  easy  problem.  Some 
mills,  for  example  Mills  18,  19,  41,  42  and  43,  settle  the  whole  overflow  of  their 
classifiers  and  send  these  settlings  directly  to  the  smelter  without  any  further 
treatment.  Extremely  fine  slimes  should  not  ordinarily  be  treated  on  a  vanner, 
but  rather  on  a  slime  table  or  on  a  canvas  table,  because  the  shaking  motion  does 
not  allow  the  fine  particles  to  settle  out  of  the  rapid  upper  layer  of  water.  The 
use  of  cleats  on  the  Wilfley  type  of  tables,  however,  favors  the  treatment  of  fine 
material. 

§  838.  Treatment  of  Middlings. — (For  the  definition  of  middlings,  see 
introduction  preceding  Chapter  VIII.).  All  of  the  coarser  sizes  of  middlings 
contain  the  valuable  mineral  mostly  as  included  grains;  these  must  first  go  to  be 
broken  finer  before  they  are  further  treated.  The  finer  sizes  of  middlings  have 
the  valuable  mineral  more  in  free  grains,  but  they  are  flat  or  elongated  and  hard 
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to  separate  from  the  more  compact  gangue.  These  require  further  dower  anJ 
more  careful  treatment  to  separate  them. 

The  behavior  of  these  grains  under  the  various  sizing  and  sorting  operation 
which  the  machines  give  is  such  that  a  grain  once  found  in  middlings  will  again 
go  there  if  re-treated  on  the  same  machine.  In  other  words,  "once  middlinnv 
always  middlings.'*  The  continued  re-treatment  of  middlings  on  the  same  ma- 
chine would,  therefore,  make  an  accumulation  impossible  to  deal  with  if  it  wep 
not  that  readjustments  are  involuntarily  made  by  the  machine  tender  pnshin/ 
the  richest  part  of  the  middlings  into  the  heads,  and  poorest  into  the  tailin^^. 
bringing  down  the  percentage  of  values  in  the  heads  and  raising  thenar  in  i\y 
tailings. 

The  middling  product  is  so  different  in  quality  from  the  feed  from  which 
it  was  derived;,  that  it  deserves  to  be  treated  on  a  special  machine  which  is  properly 

3ualified  to  handle  it.  The  only  conditions  under  which  it  is  wise  to  send  m:d 
lings  back  to  be  fed  over  is  where  the  quantity  is  too  insignificant  to  warrant 
installing  a  special  machine  for  their  treatment.  Mill  men  have  not,  hr  a  rule, 
sufficiently  appreciated  this. 

Examples  of  the  foregoing  are  as  follows :  In  skimming  jigs,  more  especial);, 
hand  jigs,  the  middlings  are  put  back  (see  §  374).  In  Mill  24  hutches  of  No.  0 
jig  are  returned  to  No.  1  whole  current  box  classifier,  which  sends  them  again 
to  No.  6  jig.  Mills  23,  24,  29|  and  86  send  the  slime  table  middlings  back  to  tlir 
table  either  directly  or  through  a  classifier.  In  Mills  22  and  35  the  slime  tab* 
middlings  are  sent  way  back  into  the  system,  but  it  seems  reasonable  to  supp:-^ 
that  they  ultimately  come  around  to  the  table  again.  In  Mill  21,  however,  tht 
slime  table  middlings  are  reground  and  then  go  back  to  the  tables  through  a 
classifier.  At  Przibram  some  of  the  middling  products  are  treated  en  the  sani. 
machines  that  produced  them.  On  the  Wilfley  table  the  middling  product  i- 
simply  elevated  back  and  fed  to  the  table  again  or  goes  to  another  table.  Tli^ 
Wilfley  table  is  an  especially  good  instance  of  middlings  used  as  a  guard  betwe**r! 
the  heads  and  tailings  to  avoid  constant  care  and  attention,  since  its  action  i- 
such  that  the  line  of  deraarkation  between  the  heads  and  tailings  is  liable  to  U 
constantly  shifting  back  and  forth  over  a  limited  area. 

Accounts  and  Beports. 

§  839.  In  mining  and  milling  the  manager  should  so  organize  his  account^ 
that  he  can  tell  periodically — once  a  month  is  commonly  found  to  be  a  ffo<«] 
interval — what  have  been  his  expenses  for  labor  and  supplies  and  other  thiiiirN 
and  what  his  income  from  the  sale  of  ores,  concentrates  or  metals.  The  coni- 
parison  of  these,  when  properly  interpreted,  will  tell  him  whether  he  is  making 
or  losing  money. 

As  milling  is  simply  a  subdivision  of  the  whole  account  system  of  the  mine  an'] 
mill,  the  author  will  not  attempt  to  deal  with  it  alone,  but  will  consider  the  wholt 
together. 

There  may  be  three  lines  along  which  it  will  be  desirable  to  have  record?. 
(1)  The  amount  and  cause  of  each  item  of  expense  incurred  (labor,  supplies  a:  il 
other  expense)  in  order  that  a  total  may  be  summted  up  periodically;  similarly, 
the  amount  and  source  of  each  item  of  income.  (2)  'Hie  distribution  of  the  vari<vj. 
items  among  the  various  subdivisions  of  the  work  in  order  to  obtain  a  period \;i! 
summing  up  of  what  each  part  of  the  work,  for  example,  the  milling,  is  eostii^r. 
(3)  The  distribution  of  the  various  items  of  expense  and  income  to  the  differ-nt 
lots  of  ore  from  different  parts  of  the  mine  in  order  to  determine  whether  ?onv^ 
parts  may  not  be  working  at  a  loss  which  cuts  down  the  profit  from  the  oti  »^r 
parts.    The  benefits  of  this  part  of  the  account  system  are  generally  lost  sii:]it 
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of,  and  it  is  consequently  rarely  practiced,  but  the  author  believes  that  where 
it  is  practicable,  it  is  the  most  satisfactory  method  of  maintaining  a  continual 
t  ost  of  the  mine. 

In  order  to  make  the  accounts  complete  and  to  enable  comparisons  to  be 
made,  records  of  the  weights  of  ore  and  products  have  to  be  kept  and  the 
iic -counts  reduced  to  a  common  unit,  for  which  a  ton  of  2,000  pounds  commonly 
serves. 

The  importance  of  accounts  and  reports  cannot  be  overestimated.  The  extra 
oost  of  keeping  them  will  be  more  than  offset  by  the  saving  made  through  their 
study.  They  will  show  the  variation  in  cost  and  the  profit  and  loss  for  each 
branch  of  the  work,  and  the  variation  from  week  to  week  or  month  to  month. 
A  careful  comparison  and  study  of  the  reports  by  a  manager  will  result  in  many 
little  savings  and  stop  many  losses  through  leaks  and  waste.  If  time  lost  and 
the  cause  thereof  appears  in  the  report  blank,  the  manager  is  able  to  locate  the 
responsibility,  and  by  speaking  to  the  foreman,  the  proper  remedy  will  be  applied 
and  the  time  lost  will  rapidly  diminish.  If  poor  concentrating  is  reported,  the 
foreman  will  work  up  to  the  highest  pitch  of  efficiency.  The  importance  of 
having  these  reports  all  at  one  central  point  needs  no  comment 

§  840.  Many  designs  have  been  made  for  blanks  and  modes  of  keeping  ac- 
counts. For  these  the  reader  is  referred  to  the  Bibliography  at  the  end  of  this 
chapter."*  *^^'  ^^^  "*  '**  The  following  is  suggested  as  an  outline  of  points  to 
be  covered  from  which  designs  may  be  made : 

(1)  Excavating  expenses,  including  labor,  drills,  powder,  fuse,  lights,  tim- 
bers, etc.  These  may  be  divided  into  stoping  ore,  dead  work  on  shafts,  cross 
cuts,  etc.,  and  exploration  expenses. 

(2)  Tramming,  hoisting,  pumping,  ventilation,  air  compressing,  etc,  ex- 
penses, including  labor,  fuel,  oil,  other  supplies,  repairs  and  replacements  on  cars 
and  tracks,  repairs  and  replacememts  on  rope,  cage  or  skip,  shaft  and  engine; 
similar  figures  on  the  pumping,  ventilating  and  compressing  machinery. 

(3)  Surface  expenses,  including  carpenter,  blacksmith,  machinist  and  other 
general  surface  labor  and  supplies;  also  landing  and  tramming  the  hoisted  ore. 

(4)  Milling  expenses  for  power,  pumping  and  concentrating,  including  labor, 
fuel,  oil,  other  supplies,  repairs  and  replacements. 

(5)  Shipping  expenses,  including  the  cost  of  shipping  and  marketing  of  the 
products. 

(6)  Construction  expenses,  including  labor  and  material  for  all  new  additions 
and  improvements  to  the  plant. 

(7)  General  expenses,  including  management,  office  expenses,  assaying,  sun- 
dries, etc. 

(8)  Occasional  expenses,  including  litigation,  strikes,  accidents,  etc. 

(9)  Depreciation  expenses,  including  interest  on  investment  on  whole  plant, 
and  sinking  fund  to  cover  depreciation  in  machinery  and  buildings  and  the 
working  out  of  the  mine. 

(10)  Total  cost,  figured  from  all  the  preceding,  and  the  total  tonnage,  from 
which  can  be  figured  the  cost  per  ton. 

(11)  Receipts,  which  may  be  divided  into:  (a)  mine  figures,  including  the 
tons  of  ore  and  waste  mined,  with  the  assay  and  gross  value  of  the  ore;  and  (h) 
the  mill  figures,  including  tons  of  ore  milled,  with  the  assay  and  gross  value 
of  the  same;  tons  of  picked  mineral  and  concentrates  or  weight  of  metal, 
bullion,  etc.,  with  assay  and  gross  value  of  the  same;  tons  of  tailings  (by  differ- 
ence), with  assay  and  gross  value. 

(12)  Comparison  of  mine  and  mill  work  may  be  on  total  gross  value  of 
mine  ore,  as  compared  with  total  gross  value  of  mill  products. 

(13)  Total  net  value  of  yield,  including  gross  value  of  picked  mineral, 
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concentrates^  metal,  bullion,  etc.,  from  which  have  been  deducted  smelter  charge^, 
smelter  losses  and  freight.  Value  is  reckoned  as  total  net  value  for  the  montii, 
and  as  net  value  per  ton  of  ore  mined. 

(14)  The  financial  standing  may  be  obtained  by  comparing  the  total  co-t 
per  month  with  the  total  net  value  for  the  month,  or  by  comparing  the  cost  per 
ton  with  the  net  yield  per  ton. 

For  further  suggestions  for  the  way  that  items  are  segregated,  the  reader  is 
referred  to  the  subject  of  costs  (see  §  846  et  seq.).  In  this  connection  should 
be  noted  the  variation  found  in  the  methods  used  by  different  companies.  For 
example,  some  companies  will  charge  an  item  to  construction  account,  wherea> 
others  will  charge  the  same  item  to  operating  expenses.  Comparisons  of  the 
work  of  different  companies  are  not  easily  made  under  such  conditions,  and  it  if 
to  be  hoped  that  the  day  may  soon  come  when  a  standard  system  of  account  in  c; 
and  reporting  will  be  in  use.  Suitable  blanks  will  be  designed  for  daily  report? 
of  assayers,  weighers,  shift  bosses,  mine  and  mill  foremen,  engineers,  storekeepen?, 
shipping  clerks,  etc. ;  in  fact,  along  all  lines  which  contribute  in  any  way  to  the 
monthly  cost  or  monthly  yield.  The  monthly  account  will  be  made  up  from 
these  daily  reports. 

The  final  monthly  figures  may  be  summed  up  into  a  quarterly  or  yearly  report, 
which  gives  the  most  valuable  view  of  the  progress  of  the  work. 

Beports  of  custom  mills  are  practically  records  of  tests.  Examples  of  such 
reports  of  tests  are  given  in  §  891  and  §  893. 

Costs. 

§  841.  Cost  op  Erecting  Mills.* — The  original  cost  of  a  mill  depends  upon 
the  following  considerations: 

(1)  The  capacity  of  the  mill.  The  cost  increases  with  the  capacity,  but  not 
in  direct  ratio. 

(2)  Mill  site  and  the  general  nature  of  the  mill.  A  steep  sloping  mill  site 
will  require  expensive  masonry,  retaining  walls  and  costly  grading,  which  are 
not  required  if  the  mill  is  on  a  flat  or  gently  sloping  site.  Upon  the  mill  site 
will  also  depend  the  cost  of  the  equipment  for  getting  and  storing  water  and 
bringing  it  to  the  mill,  for  bringing  ore  to  the  mill,  for  shipping  concentrates  and 
tot  disposal  of  tailings. 

(3)  The  internal  details  of  the  building  (in  grouping  and  placing  variou.- 
machines  together)  and  the  choice  of  the  materials  used  in  the  construction. 
Some  mills  use  heavier  machinery  than  others,  and  hence  require  heavier  con- 
struction. Some  mills  need  to  be  much  more  carefully  built  to  withstand  tht* 
elements  than  others. 

(4)  Cost  of  machinery  at  the  foundry. 

(5)  Duties  and  commissions  paid  on  it,  if  any. 

(6)  Cost  of  railroad  freight  and  transportation  from  the  nearest  railroad 
station.    I'Tiis  latter  is  often  a  very  large  item. 

(7)  The  local  cost  of  labor  and  timber  and  other  structural  materials  de- 
livered. 

(8)  Tlie  efficiency  of  the  labor  employed  in  erecting  the  plant. 

(9)  The  period  at  which  the  mill  is  built,  the  cost  being  more  at  a  time  of 
general  prosperity  than  at  a  time  of  business  depression.  Improvements  can 
be  made  with  the  least  cost  in  dull  times ;  on  the  other  hand„  mills  can  be  run 
with  the  greatest  profit  in  flush  times. 

(10)  The  duration  of  time  that  the  works  are  under  construction,  depending: 

•  For  a  very  complete*  analysis  r.f  the  coat  of  buIldiuK  and  running  miUs,  with  tabular  datA,  th«?  reader  is 
referred  to  an  article  by  A.  Q.  Charleton.»»« 
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more  or  less  on  the  willingness  and  ability  of  the  company  to  make  a  heavy  outlay 
in  a  short  time,  or  to  distribute  the  outlay  over  a  longer  period.  A  mill  will 
cost  more  when  it  is  required  to  be  finished  within  a  short  specified  time  than 
when  the  builder  is  allowed  to  take  his  time.  An  extremely  long  time  of  con- 
struction may  be  objectionable,  however,  on  account  of  the  loss  of  interest  on 
idle  capital  and  of  the  earning  power  of  the  mill. 

§  842.  Only  a  few  examples  of  cost  are  available  to  the  author.  In  using  these 
the  reader  should  bear  in  mind  that  the  cost  of  materials  fluctuates  owing  to 
the  relative  prosperity  of  the  times,  and  consequently  that  any  examples  given 
should  be  used  merely  as  approximations  in  estimating  new  work.  The  plan 
now  generally  used  by  engineers  in  making  estimates  of  cost  of  concentrating 
plants,  after  deciding  the  method  of  treatment,  is  to  apply  to  one  or  more  firms 
for  bids.  The  most  complete  figures  in  the  writer's  possession  are  those  given 
in  Table  389  of  a  mill  with  a  capacity  of  350  tons  in  twenty-four  hours.    This 

TABLE  389. — COST  OF  A  350-TON  MILL  IN  1891. 
Abbreviations.— B.  M.= Board  measure. 


Plana. 

Foundations: 

Labor,  Rrading 

I«riTln«:  96  piles,  at  |8 

Timber  in  ^Iles,  1,2126  feet  at  8  cents. 

Cutting  off  piles,  planking  up,  etc 

Building: 

AdTertising  for  bids 

[.Abor  co«t  to  contractor  at  $18.50  per  1.000  feet  (B.  M.) 

Contractor's  profit 

LAimber,  ;87.464  feet  (B.  M.)  at  $12  to  $18 

Lumber,  40.800  feet  <B.  M.)  at  $22.60 

Asbestos  sheathing 

Corrugated  iron  rooflng 

Paints  and  miscellaneous  hardware 

Bolts,  washers,  windows,  etc ^ 

Labor  painting  at  6  and  8  cents  per  square  yard 

Machinery: 

Two  No.  2  Qates  breakers , 

Eight  revolving  screens,  complete , 

Machinery  for  4  belt  elevators , 

All  gearing ... 

All  shafting  (steel),  boxes,  pullejrs,  etc , 

All  belting 

Two  pairs  24x1 4-inch  rolls 

Two  pairs  22xl0-inch  rolls 

All  iron  work  for  four  2-oompartment  Jigs 

All  iron  work  for  twelve  SHjompartment  iigs 

All  iron  work  for  sixteen  4-compartment  jigs 

Lumber  for  iigs,  20.400  feet  at  102.50 

All  iron  work  for  2  double-deck  Kvans  tables 

Timber  for  these  tables.  8,060  feet  at  $22.50. 

\  11  scr(>en8,  cast  and  wrought  spoutini?,  bolts,  etc 

Miscellaneous  hardware  and  pipe  fittings 

Lumber  for  ••levators,  spouting,  tanks,  etc.,  2,688  feet  at 
$17 and  $18;  90.098  feeta'  $22.50 

Pan  conveyor.  140  feet  long  (not  used) 

8n^.inch  Leffel  turbine 

Wrought  iron  pipe  and  fittings 

New  jig  gates,  extra  belting  and  elevator  cups. 

^>ne  comiKSted-belt  Frue  vanner 

Three  plain-belt  Frue  vanners 

Miscellaneous  castings 

Two  centrifugal  pumps  (not  used) 

Electric  light  plant;  capacity  150  lamps  of  16  candle  power 

Hot  air  heating  plant 

I^bor  Erecting  Machinery: 

82  jigs 

Two  double-deck  tables 

Yonr  Frue  vanners 

lOO-foot  pan  conveyor  and  repls' ing  it  by  a  track  and 
hoist  for  a  car 

R#*placing  two  centrifugal  pumps  by  lielt  elevators 

Placing  lul  shafting  and  othor  machinery:  building  spout 
ing,  elevators,  trommel  houslnes.  cla.H>iifier8,  tanks,  etc. 

Contractor's  profit  on  $6,500  of  this  work 


Factory. 


$:385.20 
804.60 

[  1,165.81 


2,042.00 

1,100.00 

260.00 

1,200.00 

2,616.00 

735.00 

940.00 

870.00 

3,087.00 


Weight. 
Pounds. 


2,400 


9,000 


5.00 


1,126.00 
860.09 


1,481 .00 
1,006.68 
446.20 
4.18.88 
750.00 
1,500.00 
122.96 
180.00 
838.00 
966.00 


26,800 

71,715 

2.200 
15,000 
14,500 

24,000 


(3ostof 
Freight. 


$54.52 
221.92 

155.46 


8,700 


28.425 
10.000 


14,815 
8.250 
2,14,'i 
2,170 
2,300 
6,500 
600 
2,000 
2,000 

19,250 


Totals $24,788.86       270,008   $5,568.25 $49,704.09 


519.70 

1,868.90 

40.92 
299.00 
290.00 

506.45 


Totals. 


$1,006.18 
294.00 
106.00 
624.00 


7.80 

2,404.67 

1.096.88 

1,664.81 

918.00 

289.72 

526.62 

J  420.77 

1900.00 

194.50 


68.80 


455.70 
189.07 


828.27 

178.45 
55.04 
70.45 
72.45 

120.90 

1.10 

97.15 

60.00 

480.00 


2,561.70 

6,529.90 

775.92 
1,289.00 
1,160.00 

8,542.45 


Grand 
Totals. 


$345.00 


2,082.18 


8,428.18 
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mill  was  built  in  1891,  when  the  price  of  iron  was  $15  to  $18  per  ton,  and  in  a 
district  where  water  was  available  for  power  and  labor  received  good  wages. 

§  843.  For  a  ten-stamp  mill  in  Montana  in  1895,  having  no  amalgamated 
plates,  but  with  classifiers  and  three  vanners,  the  bid  of  a  firm  in  the  Mississippi 
valley  was  $4,707  "free  on  board,"  the  total  weight  being  72,895  pounds.  A 
firm  on  the  Pacific  coast  bid  $5,200  to  supply  the  same  outfit,  but  weighing 
68,000  pounds.  This  makes  the  cost  per  stamp  $470.70  and  $520  in  the  two 
cases,  respectively.  To  g-et  the  total  cost  of  the  mill,  it  would  be  necessary  to 
add  the  cost  of  the  building  and  of  the  freight  and  installation  of  machines. 

Bids  for  the  machinery  for  a  twenty-stamp  gold  mill  in  Nevada  in  1899  were 
as  shown  in  Table  390 : 


TABLE  390. — COST  OF  A     ' 

rWENTY-STAMP  MILL  IN  NEVADA. 

At  Chicago. 

At  Denver. 

At  San  Francisoo. 

Weight. 
Pounds. 

Cost 

Weight 
Pounds. 

Ooat. 

Weight. 
Founds. 

Cort. 

MAi^hini^rv  fnr  9fV.KtjLrtin  mill 

123,320 
01,000 
81,000 
9,000 

'•IS 

127,000 

flCSTS 

190,000 

08,000 

90,000 

8,000 

$9,750 
9,135 

Power  for 8&ino ••••• 

Water  supply  for  same 

80,300 
16,000 

1.718 
1,510 

2,400 

lO-toQ  nainpllDg  works  for  same 

1,895 

In  addition  to  the  machinery,  there  were  required  131.93  thousand  feet  of  lum- 
ber for  frame  and  floors  for  the  mill  and  sampling  worics.  This  lumber  (Oregon 
pine)  cost  $17.50  per  thousand  feet  "free  on  board/'  or  $60  at  the  mill.  There 
was  also  required  corrugated  iron  for  the  roof  and  sides,  but  the  cost  of  this  was 
not  obtained.  The  cost  of  railroad  freights  per  100  pounds  was  $1.90  from 
Chicago,  $1.40  from  Denver  and  $1.10  from  San  Francisco.  The  cost  of  haulinf: 
stuff  by  wagon  twenty-five  miles  from  the  railroad  to  the  mill  was  $10.50  per  ton. 

A  small  concentrating  plant  in  Montana  in  1895  cost  $4,540  for  machiner) 
"free  on  board"  in  the  Mississippi  valley.  This  included  one  10xl5-inch  Blak" 
breaker,  two  20xl0-inch  Cornish  rolls,  two  trommels,  three  jigs,  two  vannor?. 
one  centrifugal  pump,  one  grizzly,  pulleys,  belting  and  one  50-horse  power  engine 
and  boiler. 

The  cost  of  the  hand  jig  mills  of  Missouri  is  simply  the  cost  of  the  hand  jig?. 
A  complete  mining  and  jigging  plant  costs  about  $185,  distributed  as  follows: 
Two  roughing  hand  jigs  at  $25,  $50;  1  cleaning  hand  jig,  $25;  1  horse  whin 
for  hoisting,  $40 ;  frame,  $20 ;  a  pair  of  mules,  $50. 

Mills  in  Southwest  Missouri  of  the  type  of  Mill  9  and  Mill  10,  cost  $7,000 
or  $8,000."= 

The  cost  of  Mill  50  was  as  follows:  machinery  "free  on  board,"  $3,325; 
freight,  $975;  building,  $1,000;  installation,  $1,000;  total  $6,300,  not  includin- 
assay  office,  pipe  line  and  reservoir. 

Mill  78,  which  is  a  canvas  plant,  was  built  at  a  cost  of  $2,000,  includinir 
everything.  ^  ,    , 

The  plant  at  Monteponi  (see  §  779),  cost  about  £16,000  ($77,760),  includiiv 
permanent  way  and  wagons  for  transporting  the  ore  between  the  mines,  the  cor.- 
centrators  and*^  the  smelters,  but  not  including  the  magnetic  plant. 

A  rough  rule  given  by  Vezin  for  the  cost  of  buildingfe  is,  that  space  in  Colo- 
rado mills  does  not  cost  more  than  about  15  cents  per  cubic  foot,  and  sometime? 
much  less.    This  includes  all  the  space  between  the  floor  and  roof. 

§  844.  Cost  of  Milling,  Including  in  Some  Instances  the  Cost  op 
Mining.— The  cost  of  milling  will  vary  greatly  in  the  same  locality,  and  vill 
depend  upon  the  following  considerations: 

(1)  The  general  design  and  internal  arrangements  of  the  mill  building  W 
economizing  labor  and  simplifying  the  plant,  depending  to  a  great  extent  upon  tlip 
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selection  of  a  suitable  site  and  its  proper  utilization,  also  upon  the  heaviness 
of  construction  and  care  in  erection.  The  following  examples  illustrate  this: 
Of  two  40-6tanip  mills  the  difference  in  design  makes  one  employ  16  men,  while 
the  other  requires  24  men.  If  they  were  80-stamp  mills  the  number  of  men 
would  be  26  against  44.  Besides  the  smaller  nunaber  of  men,  there  is  also  a 
saving  in  supplies  and  repairs.  At  the  old  El  Callao  mill  in  Venezuela  in  1882 
tlie  cost  was  78.30  francs  ($15.11)  per  ton,  while  in  the  new  mill  in  1892 
it  was  6.22  francs  ($1.20).  Of  two  66-stamp  mills  in  Venezuela  one  was  poorly 
designed  and  built,  and  crushed  only  93  tons  daily  at  a  cost  of  18s.  9d.  ($4.66) 
per  ton,  while  the  other  embodied  the  results  of  a  practical  millman's  expe- 
rience, and  crushed  143  tons  daily  at  a  cost  of  6s.  3a.  ($1.52)  per  ton.  Note 
the  difference  in  cost  of  treating  material  in  the  new  and  the  old  Himmelfahrt 
mill  in  §  867  ($0.17  and  $2.08  per  ton,  respectively). 

(2)  The  general  nature  of  the  process  depending  upon  the  kind  of  ore  to  be 
treated.  The  finer  the  crushing  and  the  more  complicated  the  plant  the  more 
costly  will  be  the  operation.  Iron  ores  are  washed  by  a  simple  plant  at  a  cost 
of  only  a  few  cents  per  ton,  while  the  treatment  of  silver  ores  by  the  combination 
process  usually  costs  at  least  $1.00  per  ton.  It  is  clear  from  this  how  important 
it  is  that  the  selection  of  the  process  be  made  only  after  thorough  tests. 

(3)  The  capacity.  The  larger  the  capacity  of  a  mill  the  smaller  will  be 
the  cost  per  ton,  since  many  items  of  expense,  such  as  management,  skilled  labor, 
taxes,  insurance,  etc.,  are  fixed  charges  and  increase  very  little  with  increased 
capacity,  and  even  common  labor  does  not  increase  in  proportion  to  the  tonnage. 
Also  there  is  a  saving  in  a  big  mill  from  the  buying  of  supplies  in  large  lots 
and  the  making  of  repairs  on  a  large  scale.  Increasing  the  capacity  of  a  mill 
may,  by  cutting  down  cost,  allow  poorer  ore  to  be  treated.  This  will  cut  down 
the  average  yield,  and  at  the  same  time  the  profit  per  ton,  but  the  total  profit 
with  the  larger  quantity  and  lower  yield  per  ton  will  be  greater  than  the  total 
profit  with  the  smaller  quantity  and  the  higher  yield  per  ton.  To  illustrate  this, 
compare  the  cost  in  the  Alaska  Treadwell  mill  in  §  853  with  that  of  some  of  the 
small  40-stamp  mills.  The  now  El  Callao  gold  stamp  mill  in  1888  crushed 
15,692  tons  at  a  cost  of  18.40  francs  ($3.55)  per  ton,  while  in  1891  it  crushed 
58,949  tons  at  a  cost  of  6.29  francs  ($1.21)  per  ton. 

§  845.  (4)  The  continuity  of  running.  This  is  a  great  factor  in  cost.  A 
mill  that  is  idle  half  the  time  has  to  keep  much  of  its  labor  on  the  pay  roll  so 
that  the  monthly  expense  will  not  be  in  proportion  to  the  time  run.  If  the  mill 
is  idle  for  the  purpose  of  repairing  breakdowns,  it  may  happen  that  the  total 
monthly  expense,  including  repairs,  will  be  greater  than  the  cost  of  running  the 
mill  continuously  for  a  month.  Charleton  reports  a  mill  which,  if  run  con- 
tinuously, could  treat  ore  at  the  rate  of  5s.  ($1.22)  per  ton  instead  of  10s.  ($2.43) 
as  actually  run.  The  above  facts  call  attention  to  the  evil  of  building  a  mill 
too  large  for  the  ore  supply  or  of  building  any  mill  until  the  ore  in  sight 
warrants  it.  There  often  are  exceptions  to  the  last  statement,  where  the  cost  of 
running  a  small  mill  part  of  the  time  is  less  than  that  of  shipping  the  ore 
to  a  distant  custom  mill. 

(5)  The  efficiency  of  the  labor  employed  and  its  cost.  In  a  large  mill  the 
labor  is  more  effective,  since  it  is  more  specialized,  the  skilled  labor  and  unskilled 
being  engaged  in  their  special  lines  all  the  time,  while  in  a  small  mill  the  skilled 
labor  either  is  idle  part  of  the  time  or  else  engaged  in  doing  lower  class  work. 
In  large  mills  automatic  devices  saving  labor  are  more  used.  It  is  best  to  avoid 
cheap  skilled  labor  as  a  rule,  for  by  paying  higher  wages,  more  intelligent  men 
are  secured  who  will  be  better  satisfied  and  will  be  more  than  worth  their  extra 
cost.    By  having  intelligent  skilled  labor  it  will  be  found  that  many  improvements 
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will  be  made  and  costs  will  be  reduced,  which  are  not  so  likely  to  occur  with 
cheap  skilled  labor. 

(6)  The  quality  and  price  of  supplies,  fuel,  etc.,  used.  Supplies  cost 
much  more  delivered  to  a  mill  in  a  remote  district  than  to  a  mill  near  the  railroad. 

(7)  The  power  employed  and  its  method  of  application.  Many  California 
mills  obtain  water  power  at  a  low  cost,  while  the  mills  in  the  Black  Hills  have 
to  use  steam  power  at  quite  a  large  expense. 

(8)  The  situation  of  the  works  as  regards  water  supply,  transportation  of  ore 
from  the  mine  to  the  mill  and  the  disposal  of  tailings.  A  mill  located  at  the 
mine  and  having  ample  room  for  a  tailings  dump  saves  the  cost  of  hauling  the 
ore  to  the  mill  and  of  hauling  away  the  tailings. 

(9)  The  specific  gravity  of  the  ore.  In  figuring  cost  per  ton  the  specific 
gravity  will  affect  the  result  considerably,  since  heavy  ores  are  treated  as  rapidly 
by  volume  as  light  ones,  and  therefore  more  rapidly  by  weight. 

(10)  The  efficiency  of  the  general  management.  This  is  perhaps  the  most 
important  of  all.  The  management  requires  technical  skill  in  order  to  take  ad- 
vantage of  every  scientific  improvement ;  and  business  ability  in  order  to  propor- 
tion wages  in  all  departments,  according  to  relative  eflBciency  and  usefulne??; 
and  to  discriminate  in  employing  the  right  man  and  the  proper  materials  in  the 
right  place,  and  in  putting  on  or  knocking  off  an  employ^.  The  management 
must  serve  as  the  agent  of  capital  on  the  one  hand,  and  controller  of  labor  on  the 
other,  and  prevent  strife  between  them ;  at  the  same  time  maintain  discipline  and 
inculcate  a  spirit  of  loyalty  and  harmony  throughout  the  whole  working  force. 

§  846.  The  costs  of  milling  given  below  are  taken  from  three  sources:  the 
author's  visit  to  the  mills,  the  official  mine  and  mill  reports,  and  from  the  mining 
periodicals.  They  are  believed  to  have  received  the  direct  or  indirect  approval  of 
the  management  in  every  case.  The  cost  of  mining  is  added  in  many  cases.  Such 
mills  as  are  given  by  number  are  described  in  Chapter  XX. 

These  figures  on  cost  of  milling  vary  for  the  reasons  previously  given,  and  also 
because  the  method  of  making  up  accounts  varies  in  the  mills;  in  some  of  the 
quotations  fixed  charges,  such  as  superintendence,  taxes,  insurance,  etc.,  are  not 
included.  There  are  also  variations  in  including  other  items ;  some  mills  includ.* 
the  cost  of  assaying  mill  products,  of  shipping  concentrates,  of  disposing  of  tail- 
ings, etc.,  while  others  do  not.  The  amortization  of  capital  as  an  item  of  cost  i? 
almost  everywhere  omitted.  Charleton  says  that  this  should  be  taken  as  10  or 
15%  of  the  original  cost,  according  to  the  life  of  the  works;  but  it  is  sometime?; 
taken  as  only  5  or  10%  on  the  machinery,  and  2.5  to  5%  on  the  buildings. 

The  cost  of  mining  is  as  variable  as  the  cost  of  milling.  The  mining  depends : 
(1)  upon  the  system  used,  including  the  method  of  laying  out  the  mine,  of  actual 
mining,  hauling,  ventilation,  draining  and  supporting  the  roof;  (2)  upon  th^ 
quality  of  labor  and  the  wages  paid;  (3)  upon  the  kind  of  explosives  and  other 
supplies  used  and  the  cost  of  the  same;  (4)  upon  the  general  management: 
and  (5)  upon  the  amount  of  "dead  work"  or  development  required  and  its  cost. 
This  last  item  is  one  of  the  greatest  causes  of  variation  in  the  cost  of  mining. 
It  varies  with  the  geological  formation  and  with  the  mining  experience  and 
judgment  of  the  management  and  often  even  upon  chance.  It  can  be  seen  that 
this  work  requires  a  thorough  knowledge  of  all  kinds  of  ore  deposits  considered 
from  a  geological  standpoint,  and  especially  of  the  phenomenon  and  structure 
of  faults. 

The  same  variation  occurs  in  keeping  mining  accounts  as  in  milling,  and 
consequently  where  a  lump  sum,  without  details,  is  given  for  the  cost,  one  cannot 
be  sure  whether  it  covers  only  the  bare  cost  of  mining  or  includes  also  the  cost 
of  development,  transportation  to  mill  and  fixed  charges  for  management,  etc 
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The  cost  should  include  the  depreciation  of  the  mine  and  the  redemption  of 
capital  spent  on  the  plant. 

§  847.  The  average  cost  of  milling  by  hand  jigs  in  the  Joplin  district  of  Mis- 
souri (see  Mill  3)  is  about  $0.50  per  ton. 

Mill  10.  A  mill  in  Missouri  treating  100  to  120  tons  in  10  hours  and  sep- 
arating blende  and  galena  from  a  gangue  of  flint  and  limestone.  The  total  op- 
erating expenses  including  mining  and  milling  were  $0.59  per  ton.  Five  other 
mills  similar  to  this  in  the  Joplin  district  of  Migvsouri  gave  figures  for  mill- 
ing only,  as  shown  in  Table  391.  These  figures  arc  based  on  actual  weights 
of  ore  and  include  everything  except  general  expense  of  management  and 
amortization. 


TABLE  391. — COSTS  OF  MILLING  IN  THE  JOPLIN  DISTRICT  OF  MISSOURI. 

Capacity  per  10  Hours' 
Tons. 

Averase  Cost  per  Ton  for  Several 
Consecutive  Months. 

First  mill 

100 
80 
80 

no 

140 

$0,245,  0.10,  0.20,  0.18,  0.96 

Second  mill 

10.28,  0.96,  0.29.  0.84,  0.25,  0.82,  0.96,  0.27 
$0.44,  0.44,  0.S7,  0.89,  0.44,  0.8R,  0.29,  0.21 
$0.44,  O.SO,  0.57 
$0.18,  0.24,  0.28 

Third  mill 

Fmirth  mill 

Fifth  mill 

At  the  first  mill  the  cost  of  $0.36  per  ton  was  subdivided  as  follows:  repairs 
on  plant  $0,044;  labor  $0.153 ;  fuel  $0.059 ;  hard  iron  $0.031 ;  light  $0.009 ;  lubri- 
cants $0,021;  cleaning  pond  $0,001;  tools  $0,001;  water  $0,001;  fire  insurance 
$0.04;  total  $0.36. 

Mill  15.  An  80-ton  concentrating  mill  in  Missouri  separating  blende  from  a 
gangue  of  flint  and  dolomite.  A  year's  work  shows  33.36  tons  milled  per  day  of 
10  hours  and  the  following  are  the  items  of  cost  per  ton. 

Concentration.  Kepairs. 

I.abor $0.2377  Labor $0.0945 

Fuel 0.0925  Supplies 0.0688 

Supplies 0.0546 


Oil 0.0097  Total $0.0898 


Total $0.8944  Grand  total $0.4778 

These  figures  do  not  include  superintendence  and  depreciation. 

Mill  18.  A  95-ton  concentrating  mill  in  Colorado  treating  ore  containing  ar- 
gentiferous galena,  blende,  pyrite  and  quartz.  The  average  cost  of  concentrating 
is  about  $1.00  per  ton  of  crude  ore. 

Mill  20.  A  175-ton  concentrating  mill  in  Utah  on  pyrite  in  a  soft  quartz 
and  porphyry  gangue.     The  cost  per  ton  of  crude  ore  for  concentrating  is  $0.92. 

Mill  22.  A  175-ton  mill  in  Missouri  separating  galena  from  limestone.  The 
cost  of  mining  varies  with  the  amount  of  water  to  be  handled  and  with  the 
thickness  of  the  ore  deposit  in  the  mine  which  changes  the  number  of  drills 
required.  The  following  is  a  safe  estimate  for  a  well  equipped  mine  in  this  local- 
ity handling  200  tons  in  24  hours  with  ore  averaging  10  feet  thick. 

19  nwii.    j  Driller,  $1.50  (  tsw  nn  Rharpenln^  drills,  etc flO.OO 

12  Drills..  J  jjpj^p'     1.25* •**•""  PowJerand  fuse 90.00 

31)  Shovelers,  trammers,  etc 25.00  Oil  and  lighting 4.00 

,^  t  Trackmen.   $1.85:     roofmen,    $1.75;  f  .Km  Coal— 80  tons  at  $2.00 40.00 


1i  shift  bosses,  $2.00:  pumpmen, 


2  Holstinsr  engineers,  $!  .75;'  4  firemen,  $1.40  \     *,  (^  Total $161 .00 

2  Landers,  $1.50;  helpers \     """  Totalperton $0,806 

This  estimate  does  not  inohidr'  superintendence  and  such  supplies  as  timber,  etc. 
Mill  24.  A  100-ton  mill  in  Missouri  separating  galena  from  limestone  contain- 
ing some  silica.  Mining  costs  $0.80  to  $0.85  per  ton  of  ore  including  hauling  ore 
from  mines  to  mill,  hauling  concentrates  to  smelter,  hauling  away  the  tailings 
and  hauling  fuel  (wood  on  a  tram\^'tiy  near  by) ;  also  includes  power  furnished  to 
run  tha  jnachine  shop  and  all  repairs  on  the  mill,  tramways  from  mines  and  on 
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reservoir.  Mining  coste  $1.25  to  $1.75  per  ton  of  ore  mined.  This  indndes 
all  the  hand  sorting  where  from  one  quarter  to  a  half  of  the  rock  is  thrown  out  » 
that  only  a  little  over  half  goes  to  the  mill.  The  cost  of  breaking  the  rock 
(st oping)  exclusive  of  wheeling  to  the  shaft  and  hoisting  is  about  $0.40  to  $0.45 
per  ton. 

Mill  25.^^  A  900-ton  mill  in  Missouri  separating  galena  from  dolomite.  Tlie 
cost  of  dressing  for  the  year  ending  May  1,  1887,  was  $0,364  per  ton  made  up  of 
labor  $0,134,  repairs  $0,100,  supplies  $0,035  and  coal  $0,095. 

§  848.  A  mill  in  northern  Idaho  on  argentiferous  galena  with  a  gangue  of 
quartz. 


Labor  Storing. 
Foremen,    boflsee,    blackBrnilhs,    nippers    and 

supply  men f0.198 

Timbermen  and  carpenters,  $3.50  per  shift 0.038 

Miner8,$8.50  pershlft 0.577 

Carmen  and  trammers,  tt.50  per  shift 0. 196 

Shovelers  and  laborers,  $2.50  per  shift 0 . 484 

Contract  work 0.047 

Repairs 0.085 

Total .$1,489 


Supplies  Stoping. 

Explosives $0.fla 

niuminants 0.GS4 

Lubricants COM 

Iron  and  steel 0.013 

Miscellaneous  sttpplies O.QBS 

Timber  and  ItLgfflng 0.0B8 

Power  supplies 0.<W 

Wood O.OB 

Total .$0.» 

Grand  total  for  stopinfc $1,713 


To  get  the  total  cost  of  mining,  a  certain  amount  must  be  added  to  this  for 
development  work. 


Labor  Concentrating. 

Foremen,  blacksmiths  and  machinists $0,043 

Millmen,  $8per  shift. 0.090 

laborers,  $8.50  per  shift , O.OIO 

Ore  Korters.  contract  work 0.025 

Power)abor 0.004 

Crusher  labor 0.015 

Repair  labor 0.019 

Total .$0.a06 


Supplies  Conoentratins. 

Tjibricants $0.(K6 

Iron  and  steel OAtn 

Miscellaneous  supplies 0.09 

Timber O.onS 

Roil  shells 0.011 

Trommel  screens O.rtT 

Crusher  supplies 0.0» 

Power  supplies O.tVl 

Wood 0-Cei 

Stable O.OOS 


Total $0.(I9S 

Grand  total $0,308 

Those   figures   do  not   include  general   expense   such   as  superintendence,   a.-^- 
saying,  depreciation,  etc. 

Mill  42.^®*     Copper  sulphide  ore  with  a  gangue  of  quartz  and  feldspar.     The 
mining  expenses  per  ton  for  the  year  ending  June  30,  1898,  were  as  follows: 

Precipltatinc  scrap  material $0,006 

Salanra,  including?  management 0.0^ 

Stable  expenses O.OiM 

Sundry  supplies 0.CS2 

Taxes 0.049 


Timber O.SaB 

T(x>ls  and  utensils O.QSfi 

Water 0.015 

wj__-|^  3  Buildinp  and  stnicturrs O.0i>-» 

KepairR  <  Machinery  and  plant O.an 

r*A».«»ni»fi^ii  1  Buildinic  and  structurM O.OM 

Construction  ^  MachinSry  and  plant 0.106 


Total. 


.  $S.9^ 


Assay  expenses  and  salaries $0,006 

Candles  0.029 

Coal 0.148 

Electric  light 0.010 

Expenses 0.014 

Freight  on  ore 0..310 

Fuse  and  caps 0.018 

Labor 2.314 

I>*gal  expenses 0.018 

Mess  expenses O.OOS 

Oil o.oia 

Personal  injuries 0.025 

Powder 0. 101 

Precipitating  expenses 0.004 

Precipitating  labor 0.013 

The  cost  of  concentrating  was  $0.77  per  ton.  Goodale*"  says  that  in  four  mill> 
treating  this  class  of  ore  at  Butte,  Montana,  the  expenses  of  concentrating  range 
from  $0.35  per  ton  in  the  larger  plants  to  $1.00  in  those  of  smaller  capacity. 
Custom  work  costs  higher  than  stoady  work  owing  to  the  frequent  changes  nec- 
essary. The  cost  of  concentrating  in  Butte  during  ten  months  in  1901  and 
1902  was  $0.70  per  ton  in  three  mills  and  $0.75  in  one  mill.* 

§  849.     Mill  45.*®»     A  3-hoad  steam  stamp  mill  at  Lake  Superior  on  native 
copper  amygdaloid  rock.     Tlie  total  cost  per  ton  for  mining  and  milling  was 

•  Engineering  and  Mining  JoumeU,  Vol.  LXXV.,  (1908).  p.  708. 
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$1.82  in  1897  and  $1.60  in  1898;  for  stamping  and  concentrating,  $0.54  in  1897 
and  $0.5102  in  1898. 

Mjill  46."®.  A  6-head  steam  stamp  mill  at  Lake  Superior  on  native  copper 
amygdaloid  rock.  The  total  expenses  of  this  company  in  1898  were  $1.69  per 
ton  of  ore  mined.  This  probably  includes  the  cost  of  smelting  and  marketing 
tlie  copper.  The  cost  of  stamping  and  concentrating  was  $0.28  per  ton  against 
$0.25  in  1897. 

Mill  47.**®  A  5-head  steam  stamp  mill  at  Lake  Superior  on  native  copper 
amygdaloid  rock.  The  total  cost  per  ton  mined  in  1898  was  distributed  as  fol- 
lows: 

BCi&inirandiiimiiig. $1,648      Smelting,  transportation,  eta 10.888 

Coomtructioo 0.886  

Taxes  in  Midilcui 0.068  Total 18.880 

The  cost  of  stamping  and  concentrating  was  $0.2228  per  ton. 

Mill  48.***  A  5-head  steam  stamp  mill  at  Lake  Superior  on  native  copper  con- 
g:lomerate.  The  total  cost  per  ton  mined  in  1898  including  smelting  and  trans- 
portation was  $2.29;  of  this  the  cost  of  mining  and  milling  was  $1.66  which 
includes  a  cost  of  $0.22402  for  stamping  and  concentrating  per  ton  milled. 

Atlantic  mill.*'^  A  6-head  steam  stamp  mill  at  Lake  Superior  on  native  cop- 
I>er  amygdaloid.     In  the  year  1898  the  costs  per  ton  were  as  follows: 

Mining,  adecting  and  breakiaf?,  and  all  surface  expenses,  Including  taxes $0.601 1 

Transporting  to  mill 0.0656 

Suunping  and  concentrating O.dll  1 


Working  expenses  at  mine $1 .1877 

Freight,  smelting  and  marketing  product,  including  New  York  ofBoe  expenses 0. 1604 

Total  running  expenses |1 .  8481 

Total  expense,  including  construction 1 . 63S8 

The  rock  stamped  was  370,767  tons. 

Wolverine  mine.'**  This  is  a  Lake  Superior  native  copper  mine  which  treats 
its  ores  at  two  mills  with  one  steam  stamp  each.  In  the  year  ending  June 
30,  1899,  217,243  tons  of  rock  were  mined  and  184,799  tons  were  milled.  The 
costs  per  ton  mined  were : 

Underground  expenses I0.8B08       Construction 10.0407 

Rockhouse 0.0788      Smelting,  freight  and  marketing  copper 0.8892 

Stamp  mill 0.8180  

Burtaoe  expenses 0.0949  Total $1.6684 

The  actual  cost  of  stamping  and  concentrating  per  ton  treated  was  $0.3668. 

§  850.  Mill  54.*"  A  30-stamp  vanner  mill  in  Utah  on  silver  ore  with  gangue 
of  quartz,  siderite  and  calcite.  Report  for  year  1898.  Ore  mined,  38.889  tons, 
of  which  4,928  tons  were  shipped  direct  and  33,961  tons  were  milled. 

Cost  per  Ton.  Cost  per  Ton  Mined. 

Mining. -Labor  on  ore $1,680  |1.680 

Labor  on  dead  work 0.404  0.404 

Labor  on  surf  ace 0.616  0.616 

Sopplles.  timber,  fuel,  etc 1.116  1.116 

Totalmtning $3,816  ^8.816 

Milling.— Labor 0.787  0.683 

Supplies,  fuel,  etc 0.860  0.882 

Total  mUling $1,096  $0,966 


General  expenses,  taxes,  etc 0.896  0.896 

Grand  total $6 . 


666 


Mill  56.  A  10-stamp  gold  mill  in  California  on  cement  gravel.  Mining  and 
milling  cost  $1.00  to  $1.50  per  ton,  average  about  $1.25,  depending  on  the  hard- 
ness and  amount  of  boulders,  quality  of  the  air  in  the  mine  and  the  depth  of 
gravel. 

Mill  hl.^^    A  40-stamp  gold  mill  in  California  with  gangue  of  quartz. 
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MiniDg.— Labor  BtoplnfT $4.42       MUling:  for  three  years  (168&-18B(n. 

Labor  development O.M  Amount  of  ore  cruslMd,  in  toot..  Slin^ 

Supplies,  timber,  etc l.W  Totaloost H- 

General  mine  labor 0.97  Supplies.— Mercury,  per  ton ims« 

Burtaoelabor l.Sl  Shoes  and  dies *' »f 

—  Other  mill  cutiiijcs.  .  "  ''■ 

Totalperton |8.47  Screens " 

Sundries C  x^^ 

Totalperton \  . 

Labor.— GoDoentrators %^  -li 

Amalgamatocs '  !£ 

Bock  breaker 0  <: 

Total  per  too f 

Water  per  too 

Grand  total  per  too. 1^" 

Mill  59."*     A  40-stamp  gold  mill  in  California  with  a  gangue  of  qnam  a 
elate.     During  six  months  in  1900  the  ore  mined  was  14,784  tons,  the  ore  mi 
was  14,280  tons  and  the  total  expense  was  $5.97  per  ton.    An  average  of  / 
months  gave  the  milling  cost  as  $0.4924  per  ton. 

Mill  61.     A  40-stamp  gold  mill  in  California  with  a  gangue  of  quart:  a: 
slate.     Mining  costs  $1,672  per  ton  while  milling  costs  $0,444  per  ton. 

§  851.     Mill   64.'"     A   30-8tamp  mill    in    California   with    a   gan:^ 
quartz  and  slate.     For  the  year  ending  September  30,  1896,  there  werv^  ^ 
tons  mined  at  a  cost  of  $2.17  per  ton  and  33,512  tons  milled  at  a  cost  of*" 
per  ton.     These  figures  include  all  expenses.     The  operation  of  the  rook  t^ 
ers  and  delivery  of  the  ore  to  the  mill  is  charged  to  mining.    TTie  detailrd 
count  of  mining  and  milling  cost  is  as  follows: 


Mining. 


Timbers 

Spiling 

Lumber 

Cliarcoal 

handles 

Powder 

Vnm 

Caps 

Water  for  power 

Freight 

Iron 

Steel 

Hardware 

Oil 

Grease  and  tar 

Coal 

MiscellaDeous 

Power  drill  machinery 

Pump  repairs 

Surveying , . . . 

Taxes  

Water  pipe 

Insurance 

Wire  rope 

Superintendence  and  labor. 


Total. 


Total.      Cost  per  Ton. 


16,855.90 
8,031.66 
091.46 
658.40 
666.00 
1,661.87 
891.83 

6a.o?s 

8,897.  S.'S 

538. TO 

408.16 

438.79 

989.81 

868.01 

85.80 

77.11 

1,894.13 

834.75 

637.60 

218.60 

847.50 

59.05 

188.77 

892.70 

60,068.82 


S?2.640.36 


10.186 
0.061 
0.020 
0.019 
0.016 
0.060 
0.009 
0.008 
0.096 
0.016 
0.018 
0.013 
0.088 
0.008 
O.OOI 
0.008 
0.067 
0.026 
0.019 
0.006 
0.008 
0.008 
0.004 
0.018 
1.494 


12.168 


Milling. 


Shoes 

Dies 

Screens 

Mercury 

Wood 

Hardware,  iron  and  steel. . 

Belting 

Water  for  power 

Freight 

Cyanide 


Qrease  

Lumber 

Miscellaneous 

Assay  supplies. 

OflSce  supplies 

SilTer-plated  plates 

Water  pipe  and  connection . 

Hauling  sulphurets 

Express  on  bullion 

Taxes 

Insurance  

Superintendence  and  labor 


Total. 


A  summary  shows  that  of  the  milling  cost,  $0,153  was  for  supplies,  f' 
for  labor,  and  $0,095  for  power. 

Mills  65,  73  and  74."*  60,  60  and  40-8tamp  gold  mills  respectively  in  d 
nia  with  gangue  of  quartz  and  slate.  The  cost  of  milling  in  1897  cicIun 
power  was  $0,138  per  ton.     Water  power  is  used  and  costs  but  little. 

§  852.  Mill  66.^««  "«*  "2  ^  100-stamp  gold  mill  in  the  Black  Hil]>  ^; 
gangue  of  quartz  and  schist.  The  detailed  cost  of  milling  per  ton  for  tlr  ' 
year  1893-4*  treating  104,995  tons  was  as  follows: 


Labor $0.2543 

Kupplies 0.0KI5 

Water 0.1986 

Wood 0.055»7 

<^oni     n  t?«i 

Machinery ,, O.llKC 


Oil 

Quicksilver. 

Lumber 

Timber 


Total  . 


*  At  this  time  the  mill  contained  only  80  stamps. 
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The  report  of  the  Homestake  Company  wliich  includes  other  mills  and  mines 
besides  Mill  66,  for  the  year  ending  May  31,  1897,  shows  a  total  expense  of 
$4,305  per  ton  divided  as  follows : 

MIUiDK $1,073       Purchase  of  property $0,664 

MiniufiT sJ.300  

Blacksmith  shop,  foundry,  tramway,  etc 0.870  Total $4,806 

General  ezpenaes  and  taxes 0.096 

Mill  67.  A  20-stamp  gold  mill  in  Nova  Scotia  with  a  gangue  of  quartz. 
The  cost  of  mining  on  the  various  lodes  varies  from  $2.00  to  $8.00  per  ton. 
The  approximate  cost  of  mining  and  milling  when  running  full  is : 

8topiDg  $1 .  90  per  ton.       Superiniendenoe $0 .  88 

Dead  work  (development) O.flS  

Tramming  and  huistinK 0.»5  Total $8.85 

Milling 0.66 

This  mill  is  run  hy  steam  power. 

At  the  Oldham  mill  in  Nova  Scotia  which  is  a  lO-stamp  custom  mill  and 
crushes  28  to  30  tons  in  24  hours  the  cost  per  ton  was: 

Labor $0.2730       QuickailTer $0.00)6 

Suppliea 0.0B98  

Iron  (shoes  and  dies) 0.0864  Tolal $0.84d8 

The  power,  superintendence  and  depreciation  are  not  included. 

Mill  68.  A  60-stamp  gold  mill  in  Montana  with  a  gangue  of  quartz,  slate, 
granite  and  calcite.    The  cost  of  milling  is  $1.15  per  ton.     See  Mill  82. 

Mill  69.-'"  A  30-stamp  gold  mill  in  Idaho  with  a  gangue  of  quartz  and  slate. 
The  cost  of  mining  and  hauling  by  wagon  one  mile  to  the  mill  is  $3.00  per 
ton.     The  cost  of  stamping  and  concentrating  in  24  hours  is : 

Labor.  Supplies. 

1  Cmsherman ....$8.00  (Jastings,  lumber,  etc $10.00 

2  Amalgamators 7.00  Oil 1.00 

8   Vannermen  6.00  Screens  ($0.08  per  ton) 2.00 

1    Wheeler 8.00  Quicksilver,  belts,  tacks,  etc 0.50 

"OUer.etc 1.50  

Machinist 1.84  Total  daily  supplies $13.60 

iCarpenter 8.00  Total  labor 87.60 

Nignt  watchman 1 .00  

[Foreman 1.66  Grand  total $41.00 

I  Asaayer 1.00 

Tbtal  labor $27.50 

As  the  mill  treats  100  tons  in  24  hours  this  m^kes  the  cost  per  ton  to  be  $0.41, 
but  this  does  not  include  cost  of  power,  superintendence  and  depreciation; 

Mill  72.  A  40-stamp  gold  mill  in  California  with  a  gangue  of  quartz  and 
plate.  Mining  costs  about  $1.75  per  ton  and  milling  about  $0.50.  The  ore 
body  is  from  3  to  64  feet  wide. 

Mill  77.'*  A  75-stamp  gold  mill  in  Gilpin  County,  Colorado,  with  a  gangue 
of  quartz  and  decomposed  feldspar.  The  cost  of  milling  in  1890  was  $0.84  per 
ton  but  in  1891  it  decreased  to  $0.78.     Of  this,  $0.38  was  for  labor. 

§  853.  Gold  Coins  Mines  Companv,*^'^*  in  Gilpin  County,  Colorado,  mined 
20,724  tons  in  1896  at  a  cost  of  $6.20  per  ton  made  up  of  $2.47  for  break- 
ing ore  and  tramming,  $0.67  for  hoisting,  $1.14  for  prospecting  and  dead  work 
and  $1.92  for  general  expenses.  Of  this,  5,358  tons  were  milled  at  Mill  77 
at  a  cost  of  $2.42  per  ton  and  13,916  were  milled  at  the  Kansas  mill  at  a  cost 
of  $1.47  per  ton.  In  the  latter  mill  the  details  were:  labor  $0.62  per  ton, 
supplies,  fuel  and  water  $0.55  and  hauling  $0.30. 

Alaska  Treadwell  Mill.***  A  240-stamp  gold  mill  on  Douglas  Island,  Alaska, 
with  a  gangue  of  granite.  For  the  year  ending  May  31,  1899,  the  total  expense 
for  250,408  tons  was: 

Mining $0.7732  per  ton.       Office  expenses,  Paris $0.C009  per  ton. 

Milling  and  concentratlnflr 0.2776      ''  Lefiral  expenses.  Ban  Francisco 0.0088      " 

Chlorinatinf;  of  8,197  tons  of  sulphurets  0.0670      **  Consulting  engineer,  expenses 0.0066      ** 


Milling  and  concentrating 0.2776      *'  Legal  expenses.  Ban  Francisco 0.0088 

Chlorinating  of  8,197  tons  of  sulphurets  0.0676       **  Consulting  engineer,  expenses 0.0066 

Sulphuret  expenses.  1,716  tons 0.0610      **  Bullion  charges O.OWO 


Ueneral  expenses,  Douglas  Island 0.0S84  

OfHoe  expenses.  Ban  Francisco 0.0S44      ^'  Total $1.8880 

Office  expenses,  London 0.0045      ** 
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Lubricants,  screens,  illuminants,  ma- 
chinist, incidentals. $0.04  toO.OS 


Hammond*^'  gives  the  following  figures  as  average  for  a  40-stamp  gold  mill 
using  water  power. 

Mill  labor |0. 906  per  ton. 

Assayinsr,  retorting,  8uperintendent.(a)  0.086      ** 

Castings 0.07  toO.lO 

QulckiSlTer 0.016 to 0.04  Total fO.885toO.43 

(a)  Superintendent  gets  $190  per  month,  and  one-half  is  charged  to  mill  and  one-half  to  mine. 

To  this  add  cost  of  water  power.  If  steam  power  is  used  add  about  $0.10  per 
ton  for  labor  and  $0.01  for  repairs,  lubricants,  etc. 

In  the  cases  of  three  representative  gold  stamp  mills  in  Amador  County,  Cali- 
fornia,'* working  profitably  with  mills  of  20,  40  and  30  stamps  respectively,  the 
total  costs  including  mining  and  everything  were  $2.35  to  $3.45,  $3.50  to  $3.75 
and  $3.10  to  $3.25  per  ton  of  ore. 

Olcott®*  gives  the  cost  of  milling  in  several  California  stamp  mills  as  varying 
from  $0.20  to  $0.75  per  ton  and  in  a  Gilpin  County,  Colora!do,  stamp  mill  as 
$0.95  per  ton. 

§  854.  Mill  82.  A  50-stamp  combination  silver  mill  in  Montana  with  a 
gangue  of  quartz,  slate,  granite  and  calcite.  The  cost  of  milling  is  $3.00  per 
ton.  Mills  68  and  82  are  together  and  the  total  expenses  per  ton  for  both  for 
different  periods  of  six  months  are  as  follows : 


Total  tons  treated 

Working  expenses,  including  insurance,  taxes,  etc. 

Permanent  improvements 

London  charges  and  sundries  


Total. 


Six  Montis  Ending. 


June  90, 
1894. 


84,618 

17.74 
0.11 
0.99 


98.14 


Dec.  81, 
1894. 


88,010 

S7.44 
0.07 
0.88 


r.89 


June  80, 
1806. 


27,880 

$9.99 
0.94 
0.86 


<11.29 


Dec.  81, 

1806W 


40,180 

$5.78 
0.G6 
0.89 


$6.68 


June  80. 
1899. 


S7.6aa 

S5.m 

? 

T 


Mill  84.''^^  A  40-gtamp  combination  silver  mill  in  Utah  with  a  gangue  of  barite. 
quartz  and  calcite.  In  the  year  1896,  the  mill  treated  38,500  tons  of  ore  at  a 
cost  of  $1.01  per  ton;  mining,  transportation  and  other  expense  came  to  $4.92 
per  ton.  An  estimate  of  the  cost  of  mining  a  vein  4  feet  wide  is  from  $2.00 
to  $6.00  per  ton  varying  with  the  dip  and  the  hardness  of  the  vein. 

§  855.  De  La  Mar  mill.^'*^  A  wet-stamping,  pan-amalgamation  silver  mill 
in  Idaho.  The  tons  mined  in  1897  were  40,569,  of  which  40,453  tons  were 
milled  and  116  tons  sold  direct  to  smelters.  Tlie  cost  of  mining  was  $5.30  per 
ton  to  which  $0.59  per  ton  has  to  be  added  as  the  cost  of  mining  and  marketinjj 
the  ore  sold  to  smelters.  The  cost  of  milling  was  $4.94  per  ton  of  which  $1.67 
was  for  labor,  $2.82  for  chemicals  and  general  supplies,  and  the  remainder 
for  insurance,  bullion  charges,  etc. 

New  Elkhom  mill.^**  A  dry-stamping,  chloridizing-roasting  and  pan-amal- 
gamation mill  in  Montana.  The  cost  of  mining  13,830  tons  in  1896  was  $12.39 
per  ton  and  of  milling  13,762  tons  $7.17  or  a  total  of  $19.56  per  ton. 

Ontario  mill.^^'^  A  dry-stamping,  chloridizing-roasting  and  pan-amalgamation 
silver  mill  in  Utah.     The  costs  for  1896  were: 


Mining 

ProBpecUng. 
Sundries .... 
Hauling 


Tons. 

iXH.ftl2 
2ft.912 
28.912 


Per  Ton. 

$8. .97 
4.88 
1.16 
0.44 


Milling 

Bullion  expense. . 


Total. 


Tons. 


80,270 
804770 


PerT4in 


6.1« 


IS1.M 


Alice  Mill.*'^*  A  dry-stamping,  chloridizing-roasting  and  pan-amalgamation 
silver  mill  in  Montana.  In  the  year  1897  the  cost  of  milling  25,702  tons  wa- 
$6.11  per  ton  and  of  mining  $4.15. 
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§  856.  Hibernia  mill.  This  mill,  located  in  New  Jersey,  takes  magnetite 
and  a  granitic  gangue,  mined  in  an  open  cut,  and  treats  it  in  a  magnetic  con- 
centrating plant  at  the  rate  of  200  tons  in  10  hours.  Mining  costs  $0.50  per 
ton,  milling  $0.50,  and  all  other  expense  of  management,  etc.,  $0.25  making  a 
total  of  $1.25  per  ton. 

The  Michigamme  iron  mine,'*  Michigan,  concentrated  180  to  200  tons  of 
magnetic  ore  daily  (probably  ten  hour  day)  at  a  cost  of  $0.18  per  ton  including 
crushing,  hoisting  into  mill  bins,  separating  by  magnets  and  loading  into  cars. 

The  Tilly  Foster  mine®*  in  New  York  treating  magnetic  iron  ore  from  an  old 
dump  at  the  rate  of  about  140  tons  per  day  (probably  ten  hours)  showed  by 
its  monthly  reports  from  February  to  July  inclusive,  1890,  that  the  total  cost 
varied  from  $0,700  to  $0,915  per  ton  of  ore,  average  $0,778.  This  included 
digging  from  the  old  dump,  breaking,  hauling  by  train  to  the  mill,  stamping  and 
separating  by  magnets.  The  cost  of  the  ore  delivered  to  the  mill  varied  from 
$0,059  to  $0,097  per  ton  leaving  the  cost  of  actual  milling  to  vary  from  $0,632 
to  $0,818  per  ton  of  ore. 

Mill  91  was  designed  with  the  idea  of  treating  magnetic  ore  on  a  very  large 
scale  and  thereby  reducing  the  cost.  It  has  been  estimated  that  the  mining 
and  milling  can  be  done  for  considerably  less  than  $0.10  each  per  ton  but  as 
the  plant  has  not  yet  passed  beyond  the  experimental  stage  the  accuracy  of  these 
estimates  has  not  been  demonstrated. 

Mill  92.  A  combination  magnetic  mill  in  New  Jersey  treating  200  tons  in  24 
hours  separating  out  franklinite  by  magnetic  separators  and  willemite  and  zinc- 
ite  by  jigging: 

Cru^blDK  house  labor,  including:  loading  into  storage  bins,  hoisting  into  house,  crushing,  drying  and 

han  I  piclcinj; $0. 1 175 

Suppurating  house  labor,  including  Jig  runners,  jig  helpers  and  drying  concentrates 0. 1477 

(ieneral  labor,  including  foremen,  fireman,  chemist,  repair  men,  engineers  and  electricians,  loaders 

and  shippers 0 .  2683 

Total  for  labor $0.5^ 

roal 0.0877 

Material  for  general  supplies  and  repairs,  wire  cloth,  oil  and  grease,  repairs  to  machinery 0. 1S45 

Total  per  ton  of  2.S40  pounds  of  crude  ore $0.7467 

In  the  new  mill  of  this  company  the  cost  has  been  reduced  to  $3.40  per  ton. 

Hoifman**  gives  the  cost  of  minings  crushing,  roasting,  preparing  and  separat- 
ing one  ton  of  magnetic  concentrates  from  %\  tons  of  ore  at  the  Croton  mines, 
New  York,  as  $1.95. 

Clemens  Jones"*  estimated  from  tests  that  the  total  cost  of  one  ton  of  magnetic 
concentrates  from  1^  tons  of  hematite  ore  would  be  $2.88,  of  which  $0.63  was 
for  roasting  and  concentrating. 

Chase's  estimate***  of  the  cost  of  cobbing,  crushing,  washing,  crushing  and 
separating  one  ton  of  magnetite  from  Cranberry  ore  in  North  Carolina  was  $0.25. 

Phillips'  estimate**'  of  the  total  cost  of  one  ton  of  magnetic  concentrates  from 
Cranberry  ore  was  $6.80.  His  estimate*®*  for  the  total  cost  of  mining,  roasting, 
and  concentrating  magnetically  three  tons  of  Alabama  hematite  into  one  ton  of 
concentrates  was  $1.15. 

§  857.  Three  German  mills,  treating  complex  lead  and  zinc  ores,  are  given 
for  comparison,  viz. :  the  Himmelf ahrt  mill  at  Freiberg,  the  Silberau  mill  at  Ems 
and  the  Oute  Hoffnung  mill  at  St.  Gear  am  Bhein.  All  these  mills  use  the 
German  continuous  system  of  concentrating  with  hand  picking  and  cobbing, 
close  sizing,  graded  jigging,  etc.,  and  employ  a  large  number  of  men,  (see  §  814) . 

The  Himmelfahrt  mill  treats  150  to  200  tons  in  ten  hours,  is  run  by  steam 
power  and  the  cost  is  8  pfennig  per  100  kilos  or  $0,173  per  ton,  exclusive  of 
rough  sorting  and  hand  picking.  As  illustrative  of  the  great  reduction  in  costs 
made  by  this  mill  it  is  interesting  to  note  that  the  cost  of  dressing  in  the  old 
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Ilimmolfahrt  mill  about  1890  was  96.4  pfennig  per  100  kilos  or  $2,082  per  toiL 
Tliis  was  distributed  as  follows:  sorting,  separating  and  cobbing,  $0,432  jrt 
ton  ;  cleaning  followed  by  cobbing  and  jigging,  $0.8U*i ;  cnis^hing  by  rolls  aiiJ 
jigging,  $0,104;  stamping  and  concentrating  on  tables,  $0,380;  transportation, 
testing,  etc.,  $0,864;  total,  $2,082. 

The  Silberau  mill  treats  200  tons  in  10  hours  using  both  steam  and  water 
power.  In  one  month  3,043  tons  were  treated  at  a  coi^t  of  27  pfennig  per  Hm» 
kilos  ($0,583  per  ton)  including  repairs  and  general  costs,  or  21  pfennig  per  KM) 
kilos  ($0,453  per  ton)  without  these.  The  distribution  of  cost  about  1890 
was  as  follows:  separating  and  sorting,  $0,058  per  ton;  clean  picking,  $0,181; 
dressing  mine  fines,  $0,348;  dressing  blende  and  lead  ores,  $0,151;  total,  34.2 
pfennig  per  100  kilos  or  $0,738  per  ton. 

The  Gute  Hoffnung  mill  treats  50  to  60  tons  in  10  hours  at  a  cost  of  about 
20  pfennig  per  100  kilos  or  $0,432  per  ton. 

The  mill  at  Monteponi,  Sardinia,  (see  §  779),  treating  zinc  and  lead  ores  at 
the  rate  of  250  tons  daily,  costs  $0,428  per  ton.  This  includes  the  transport 
and  treatment  of  the  ore  and  the  maintenance  of  material  of  the  regular  plant 
but  does  not  include  any  of  the  costs  of  the  magnetic  treatment. 

Testing. 

§  858.  The  choice  of  a  method  for  treating  any  ore  is  very  important,  for 
on  it  will  largely  depend  the  question  of  profit.  It  is  not  wise  simply  to  model 
a  mill  on  a  plant  which  is  successfully  handling  a  similar  ore ;  though  apparently 
similar,  the  two  may  have  characteristics  that  require  quite  different  methods 
of  treatment.  The  engineer  should  make  careful  examination  and  tests  of  the 
ore,  for  which  various  suggestions  are  given  in  the  following  pages.  For  this 
purpose  he  must  obtain  carefully  taken  samples  from  all  parts  of  the  mine; 
and  should  insist  on  a  reasonable  amount  of  development  work  before  planning 
a  mill.  In  some  mills,  only  a  small  part  of  the  value  is  recovered,  in  others 
the  cost  is  excessive,  because  the  methods  employed  were  not  intelligently  planned. 
There  are  also  a  great  many  idle  mills  in  which  large  amounts  of  capital  have 
been  uselessly  invested  because  ordinary  precautions  were  not  taken  to  deter- 
mine the  value  of  the  property  or  to  find  the  right  method  of  treating  the  ore.  Suc- 
cess depends  upon  the  susceptibility  of  the  ore  to  treatment  and  upon  the  ore 
dresser's  ability  to  make  a  wise  selection  of  a  process.  At  Falun,  Sweden,  a 
concentration  plant  extracted  only  about  75%  on  a  copper  ore  and  was  converted 
into  a  lixiviation  plant.  The  early  Montana  copper  sulphide  mills  and  the  mill 
at  Broken  Hill,  New  South  Wales,  were  designed  by  men  who  had  served  their 
apprenticeship  at  Lake  Superior,  and  contained  steam  stamps,  Collom  jigs,  etc. 
After  running  some  time  it*  was  found  that  graded  crushing  by  breakers  and 
rolls  would  give  much  better  results  and  so  the  mills  have  all  been  changed  over. 
See  also  comments  at  end  of  §  760. 

If  it  is  decided  to  build  a  mill  while  the  mine  is  in  the  preliminary  stages, 
the  sensible  course  is  to  erect  only  a  small  plant  to  treat  the  ore  until  the  na- 
ture and  value  of  the  deposit  is  clearly  proved.  Another  scheme  in  such  a  case 
is  to  build  a  mill  so  arranged  that  the  ore  may  be  tested  out  in  different  ways. 

In  treating  this  subject  of  testing,  tools  and  a  general  discussion  of  methods 
are  first  taken  up ;  then  follows  a  number  of  systematic  schemes  to  find  the  best 
treatment  for  a  new  ore;  and  finally  is  considered  the  testing  of  mills  in  op- 
eration, both  to  control  the  daily  work  of  the  machines  and  to  decide  what 
changes  in  the  process  may  be  desirable.  For  ores  that  are  not  suited  to  mechan- 
icnl  concentration  a  number  of  metallurgical  tests  are  outlined  in  8  894  and 
§  895.  '^ 
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TOOLS  AND  GENERAL  METHODS  OF  TESTING. 

§  859. — Cbushbbs. — For  crushing  small  quantities  of  ore  for  examination, 
the  hand  mortar  and  screen  are  invaluable.  The  mortar  may  give  greater  or 
smaller  proportion  of  fines  according  to  how  it  is  used :  if  the  undersize  is  sifted 
out  at  shoit  intervals  during  the  crushing,  the  production  of  fines  will  be  di- 
minished. A  little  jaw  breaker  worked  by  a  hand  lever,  crushing  from  two  inches 
to  one  quarter  incl^  made  by  Tajlor  of  San  Francisco,  is  convenient  for  lots 
of  a  pound  or  two.  The  laboratory  size  of  the  Sturtevant  roll  jaw  breaker,  (see 
§  40),  made  by  the  Sturtevant  Mill  Company  of  Boston,  is  very  serviceable  for 
crushing  lots  of  from  10  to  30  pounds  to  \  inch  in  diameter.  A  little  Blake 
breaker  and  a  pair  of  crushing  rolls,  as  made  by  the  AUis-Chalmers  Company  of 
Chicago,  will  speedily  bring  100  pounds  or  more  to  any  desired  size,  and  makes 
the  most  serviceable  plant  for  this  class  of  work.  The  sample  grinder  (see 
§  222)  and  the  bucking  board,  which  is  a  horizontal 

iron  plate  on  which  the  ore  is  ground  by  hand  by       r, »•. 

a  heavy  iron  muller,  are  satisfactory  only  where  ex- 


treme fineness  is  sought,  as  they  tend  to  make  a      |  smeah" 

larger  proportion  of  fines.  4 

Thayer's  small  portable  one-stamp  milP**,  made      J Jp  _^* 


by  John  Taylor  &  Company,  San  Francisco,  may      j  18    *•  'i 

be  useful  to  indicate  whether  an  ore  will  probably      ^  iC^^  H 

give  good  results  by  stamping  and  amalgamation.     4 

The  mortar  of  this  mill  is  circular  in  horizontal      J  w 

section,  and  has  an  inside  diameter  of  8  inches.      l  ^" 

The  stamp,  with  tappet  and  shoe  attached,  weighs      4- 

45  pounds,  and  has  a  drop  of  6J  to  7  inches.    The       '  ** 

shoe  and  die,  of  chilled  iron,  are  4  inches  in  diam- 
eter.    The  discharge  opening  is  6X6  inches.     The      ^^  JJ"" 
stamp  can  be  run  by  either  hand  or  power. 

A  battery  of  stamps,  weighing  225  pounds  each, 
has  proved  very  satisfactory  at  the  Massachusetts 
Institute  of  Technology  for  making  small  mill  tests 
on  1,000  to  2,000  pounds  of  gold  ore.    Other  school 

and   testing   laboratories   have    500-pound    stamps.      J 5?. 

These  are  suitable  for  testing  batches  of  one  or  more       j  loo" 

tons  of  gold  ore. 


§  860.    Screens. — Circular   hand   screens   serve     J .~- 

very  well  for  ordinary  testing  work.    A  nest  of  hand  J        _    _^^ 
screens  with  a  pan  at  the  bottom  (see  Fig.  532)  is 
very  convenient.    It  allows  a  sieve  scale  with  large 


or  small  intervals  to  be  chosen  at  will,  and  the  bulk  Fia.  532. — nest  of  test- 
of  the  sifting  to  be  done  at  one  time.     For  treat-  ino  screens. 

ing  considerable  quantities  of  ore,  it  is  convenient 

to  have  a  horizontal  screen  1  foot  wide,  3  feet  long,  driven  by  an  eccentric  with 
a  2-inch  throw,  capable  of  variation,  and  suspended  by  rods  so  as  to  have  an 
upward,  forward  motion  on  the  forward  stroke,  and  a  dovmward,  backward  mo- 
tion on  the  return  stroke,  thus  causing  the  oversize  to  travel  rapidly  oflE  the 
screen.  A  whole  set  of  different  sizes  of  screens  may  be  kept  on  hand  and  the 
design  adapted  to  moimting  one  or  more  of  them  at  a  time. 

The  choice  between  round  holes  punched  in  plate  and  square  holes  in  wire 
cloth  is  affected  by  several  considerations.  There  can  be  no  doubt  that  round 
holes  give  the  most  satisfactory  measure  as  well  as  the  most  perfect  limit  of  size 
of  grain,  namely  the  diameter  of  the  circle,  while  square  holes  are  not  really 
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square,  but  may  be  oblong  or  trapezoidal,  complicating  the  measure  if  exact  woric 
is  desired.  On  the  other  hand  round  holes  cannot  be  punched  smaller  than 
0.5  mm.  in  diameter  and  if  finer  sizes  are  needed  in  the  sieve  scale,  fine  sereen> 
with  square  holes  have  to  be  used  with  all  the  attendant  difficulties  of  mating 
square  holes  to  round  holes  in  a  series  of  screens.  The  author  is  inclined  to  pre- 
fer round  holes  for  the  whole  set  of  test  screens  where  very  fine  sizes  are  not 
needed,  and  square  holes  for  the  whole  set  where  very  fine  sizes  are  needed. 
If  only  one  set  of  screens  is  to  be  used  it  showld  be  of  square  holes. 

Owing  to  the  above  mentioned  disadvantages  in  the  use  of  square  hole  screens 
of  wire  cloth  Snyder*^®  advocates  the  use  of  a  special  micrometer  gauge  which 
differs  from  the  ordinary  form  used  for  wire,  plate,  etc.,  in  that  the  caliper- 
ing  points  are  tipped  with  discs  1  cm.  in  diameter.  The  grains  to  be  meas- 
ured are  put  on  the  lower  disc  and  the  upper  disc  screwed  down  until  it  is  in 
contact  with  the  grains.  The  distance  apart  of  the  discs  is  the  diameter  of 
the  maximum  grains. 

§  861.  Kttinger's  sieve  scale,  which  ranges  up  and  down  from  1  mm.  by  dou- 
bling or  halving  the  area  of  successive  holes,  is  a  very  satisfactory  scale  for 
ordinary  commercial  or  mill  tests.     Table  392  shows  the  set  of  screens  used 

TABLE  392. — ^DIAMETERS  OF  HOLES  OF  TESTING  SCREENS.      (a) 


RttttDger 
Scale. 

Sises 
ActuaUy 
Obtabiea. 

Kind  of 
Apparatus. 

Rittlnfrer 
Scale. 

Mm. 

Sizes 
Actually 
Obtained. 

Kind  of  Apparatus. 

Mm. 

Mm. 

Mm. 

04.0 

68.6 

(6^  Round  holes. 

0.707 

0.667 

(5)  Round  holes. 

46.8 

44.8 

"         »t 

0.600 

0.493 

tt          tt 

82.0 

81.0 

it         ti 

0.864 

0.871 

(b)  Square  holes  In  brass  cJotJi . 

82.6 

88.8 

u                 »t 

0.860 

0.270 

ti          tt             tt        tt 

16.0 

16.0 

u                 <» 

0.177 

0.158 

tt                 tt                      tt              u 

11.8 

11.8 

U                   t4 

0.125 

0.119 

tt            tt                tt          tt 

8.00 

8.08 

%*                   it 

0.088 

0.078 

tt            tt               tt          tt 

6.66 

6.61 

l«                   »* 

0.063 

0.069 

ib)  Square  holes  in  sUk  bolUng  cloth. 

(c)  Smallest  quartz  settled  in  water  in  15  secooda. 

4.00 

8.04 

«t                   *t 

0.044 

0.M7 

8.88 

8.69 

»»                   it 

0.031 

0.084 

(c)        ''           **     settled  in  water  in  80  seconds. 

8.00 

1.89 

t»                   tt 

0.022 

0.025 

(c)        ''            '*     setUed  in  water  in  On  seconds. 

1.41 

1.49 

•*                   ** 

0.016 

0.019 

(c)         "            "     settled  in  water  in  180  seconds, 
(c)        ''           "     setUedinwaterinSOOaeooDds. 

1.00 

0.946 

tt                   tt 

0.011 

0.012 

(a)  See  footnote  In  §866.    (b)  The  screen  holes  were  actually  measured,  a  microscope  being  used  for  the 
(c)  Tlie  method  of  determining  these  sizes  is  ezplaint^d  In  $  868. 


in  the  tests  which  are  discussed  in  §  293,  §  352,  and  §  863.  It  will  be  seen  that 
the  sizes  actually  obtained  are  very  close  to  the  theoretical  Rittinger  scale.  It 
would  have  been  better,  in  some  of  the  tests,  to  have  had  a  set  with  still  less  varia- 
tion between  successive  sizes.  In  the  following  set  the  ratio  between  successive 
diameters  is  1.189  (=  4/2)  instead  of  Rittinger's  1.414  (=  4/2):  64.0,  53.8, 
45.3,  38.1,  32.0,  26.9,  22.6,  19.0,  16.0,  13.5,  11.3,  9.51,  8.00,  6.73,  5.66,  4.76, 
4.00,  3.36,  2.83,  2.38,  2.00,  1.68,  1.41,  1.19,  1.00,  0.841,  0.707,  0.595,  0.500, 
0.420,  0.354,  0.297,  0.250,  0.210,  0.177,  0.149,  0.125  mm.  Such  a  set  as  this 
is  desirable  for  exact  scientific  work.  The  W.  S.  Tyler  Company  can  supply 
square  hole  screens  very  close  to  these  sizes  (see  Table  198)  ;  and  the  Allis-Chal- 
mers  Company  can  do  the  same  for  round  holes  in  sizes  not  finer  than  0.5  mm. 

§  862.  Act  of  Screening,  The  sifting  may  be  roughly  done  by  placing  the 
ore  in  the  upper  screen  of  a  nest  arranged  as  in  Fig.  532,  and  shaking  the 
whole  nest  together;  but  before  each  screen  is  taken  out  of  the  nest  it  sJiould 
be  shaken  for  a  definite  time  in  order  to  make  the  last  of  the  fine  grains  pass 
through.  One  minute  may  be  long  enough  for  this  final  shaking  for  the  coarser 
sizes,  and  five  minutes  may  do  for  the  finer  size«.  Too  much  shaking  may  some- 
what increase  the  percentage  of  fines  by  breaking  ofif  the  thin  edges  of  the 
grains.  Too  much  ore  should  not  be  put  on  a  screen  at  one  time,  because  crowd- 
ing hinders  the  work. 

Wet  Screening. — Ordinary  dry  screening  is  hindered  because  the  grains  that 
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have  about  the  same  diameter  as  the  holes  become  wedged  in  the  latter;  and 
also  because  the  fines  cling  somewhat  to  the  coarse  portion.  The  difficulty  is 
lesi^enod  by  screening  under  water.  Mr.  Henry  A.  Vezin  of  Denver,  Colorado, 
has  found  such  a  decided  difference  in  the  two  methods  that  his  screening  tests 
are  always  made  wet.  The  method  consists  in  holding  a  nest  of  about  three 
circular  screens  in  a  pail  of  water  and  giving  them  a  forward  and  backward 
rotary  motion  about  their  vertical  center.  By  first  screening  dry  and  finishing 
wet,  one  can  avoid  the  necessity  of  drying  most  of  the  finest  product.  Mr. 
Vezin  has  supplied  the  data  in  Table  393.  The  ore  was  composed  of  some  py- 
rite  and  blende  in  a  very  hard  gangue,  and  the  dry  screening  was  carefully 
done. 

TABLE    393. — DRY    VERSUS    WET    SCREENING    FOR   TESTING    PURPOSES. 


Quantities  Obtained  by 

Diameters. 

QuanUUes  Obtained  by 

Dry 
Screeninf?. 

Wet 

Screening. 

Dry 
Screening. 

Wet 
Screening. 

Throui^h  4.0on 8.8  mm.... 

,5*.« 
88.5 

% 

11.0 
29.6 
9.9 
8.8 
8.4 

Through  0.61  on  0.25  mm. . . 

% 

IU.8 

**    '     S.SonS.O  mm.... 

"■*        0.25  on  0.12  mm... 

5.5 

*'         8.0  on  1.4   mm 

**         0.18  mm. 

16  6 

**         1.4 on  1.0  mm.... 

**•           1.A  €vn  0.A1  mm   . 

100  0 

A  test  showed  that  a  quarter  of  the  material  that  rested  on  the  1.4-mm. 
screen  after  wet  screening  came  from  what  remained  above  the  2-inm.  screen  in 
dry  screening.  In  another  case  where  28.5%  of  the  ore  passed  through  a 
0.43-mra.  screen  by  dry  screening,  9.4%  more  passed  through  this  screen  by  re- 
turning the  ore  to  the  different  screens  and  continuing  the  work  wet. 

§  863.  Oraphical  Representation  of  Sizing  Tests. — ^A  graphical  method  of 
representing  sizing  tests  should,  to  be  of  value,  show  the  relative  quantities 
of  ore  between  any  two  screens  more  clearly  than  is  done  by  the  tabulated  fig- 
ures. It  should  also  enable  one  to  find  the  quantities  between  any  two  sizes  other 
than  those  represented  by  the  testing  screens. 

The  arithmetical  difference  between  the  largest  and  the  smallest  grains  fed 
to  any  concentrating  machine  is  small  for  the  fine  portion  of  an  ore;  but  for 
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FIG.  533.— CUMULATIVE  LOGARITHMIC  PLOT  OP  SIZING  TEST. 

the  coarse  portion  of  the  same  ore  the  arithmetical  difference  is  compa'ratively 
large.  The  ratio  of  the  largest  grain  to  the  smallest,  however,  is  approximately 
the  same  for  both  the  fine  and  the  coarse  material.  For  example,  if  the  ratio 
was  1^  on  the  fine  jigs  in  a  mill,  it  would  be  about  the  same  on  the  coarse  jigs. 
Hence  it  is  very  useful  to  have  a  method  for  plottipg  in  which  equal  distances  on 
the  plot  represent  equal  ratios  of  diameter;  in  other  words  to  represent  the 
diameters  on  a  geometrical  scale.     This  is  done  in  Fig.  633,  which  represents  sam- 

*  The  scale  has  been  so  chosen  that  the  logarithm  of  any  diameter  must  be  multiplied  by  16. 61  to  get  the 
number  of  spaces  in  the  plot. 
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pies  1,  2,  3,  5,  and  12  from  Tables  211  and  256.     In  this  figure,  the  di^a- 
on  the  horizontal  scale  are  proportioned  to  the  logarithms  of  the  diani-;  • 
Quantities  are  represented  by  indicating,  on  the  vertical  scale,  the  amount 
ore   (expressed  in  per  cents.)   larger  than  the  corresponding  diameter  on 
horizontal  scale.     For  example,  we  can  read  off  that  95%  of  sample  No.  1 
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FIG.    534. — CUMULATIVE   DIRBCT   PLOT   OF   SIZING  TEST. 

larger  than  16  mm.     This  idea  is  expressed  in  Tables  208-211  aiid'roS-'i^v 
the  columns  headed  "Cumulative  per  cent."     This  form  of  plot  maj  be  ci 
a  cumulative  logarithmic  plot, 

§  864.     Fig.  534  shows  the  same  data,  but  in  this  case  the  horizonUl 
tances  are  directly  proportional  to  the  diameters ;  that  is,  the  soak  of  di^ 
is  arithmetical  instead  of  geometrical.     This  may  be  called  a  cumMm  o ' 
plot.     It  will  be  noticed  that,  by  this  method,  curve  No.  1  stretches  out  * 
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FIG.  6*35. — SIZING  TEST  OF  TROMMEL  PRODUCTS  FROM  MILL,   22    (SEE  TABL 

that  the  sizes  coarser  than  26  mm.  cannot  be  shown  except  by  c\>  v 
increasing  the  size  of  the  pl(3t;  while  curve  No.  12  is  so  compfesseii 

cannot  read  tlu'  tliiTrnrit  sizet^  nt  fill.  To  overcome  this  diJikuVw,.  * 
Ht'iile  of  d]aiiu't(»r:<  would  have  io  be  tis^Mi  for  each  conro.  The  oe?J 
however,  is  iivoidiul  wlieo  nsin^  the  lo|rarithi!iic  seiile  nf  Fii^".  53^,  wW 
fiiiif leitlly  com] Messes  tnirve  KiK  1,  snul  ex|>tin(lji  curve  No.   12,      Tlw*  I<* 
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method  also  represents  much  better  to  the  eye  the  relative  quality  of  work  done 
by  the  various  machines  from  which  the  samples  were  taken.  It  is  therefore 
most  useful  for  the  careful  study  of  a  series  of  mill  products,  and  is  used  in 
Figs.  535  to  542  to  represent  the  trommel  and  classifier  products  from  Mills 
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FIG.  536. — SIZING  TEST  OF  CLASSIFIER  PRODUCTS  FROM  MILL  22   (SEE  TABLE  253). 


DlaiMtcn  in  MUllm«ttn 
FIG.  537. — SIZING  TEST  OF  TROMMEL  PRODUCTS  FROM  MILL  28   (SEE  TABLE  209). 

22,  28,  30,  and  38  which  are  du^cussed  in  §  293  and  §  352.  When  the  object 
is  simply  to  determine,  by  interpolation,  the  exact  quantity  between  any  two 
sizes  in  a  sample,  it  may  bo  better  to  use  the  arithmetical  method  of  Fig.  534 
with  suitable  scales,  than  the  geometrical  method  of  Fig.  533,  because  it  avoids 
the  inconvenience  of  having  to  use  logarithms. 
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§  865.  Fig.  543  shows  a  method  of  plotting  the  same  data  as  in  Figs.  '^V^ 
and  534  in  which  the  percentage  of  ore  that  rests  on  each  of  the  testing  screen.- 
is  plotted  independently  being  taken  from  Tables  211  and  256.  It  may  be 
called  an  ordinary  direct  plot.  While  this  method  is  all  right  for  some  kind^ 
of  data,  it  is  misleading  when  used  to  represent  sizing  tests:  for  example,  curvi 


FIG.  538. — SIZING  TEST  OF  CLASSIFIER  PRODUCTS  FROM  MILL  28  (SEE  TABLE  254). 
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FIG.  539. — SIZING  TEST  OF  TROMMEL  PRODUCTS  FROM  MILL  30   (SEE  TABLE  210). 

No.  1  might  be  supposed  to  indicate  that  if  a  20-mm.  screen  had  followed  the 
22.3-mm.  screen  it  would  have  retained  37%^  of  the  ore;  but  that-Ls  absurd, 
for  the  16-mm.  screen  retained  only  29.4%,  and  the  20-mm.  screen  would,  of 
course,  fail  to  retain  certain  sizes  that  w^rc  cauorht  by  the  16-mm.  screen.  Earli 
of  the  other  forms  of  plot.  Fig.  533  and  Fig.  534,  indicate  that  a  20-mm.  screen 
would  have  retained  only  12.5%  of  the  ore. 
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§  866.  It  will  be  noticjed  on  Figs.  535  to  543  that  for  every  sample  that  con- 
tained material  bet^^een  0.493  and  ^.371  mm.  there  is  a  break  in  the  curve  at 
that  point.  To  explain  this,  attention  is  drawn  to  the  fact  that  the  0.493  mm. 
and  all  coarser  screens  have  round  holes,  while  the  0.371  mm.  and  all  finer  screens 
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FIG.  540. — SIZING  TEST  OF  CLASSIFIER  PRODUCTS  FROM  MILL  30  (SEE  TABLE  255). 
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FIG.  541. — SIZING  TEST  OF  TROMMEL  PRODUCTS  FROM  MILL  38    (SEE  TABLE  211). 

have  square  holes.*  A  round  hole  screen  will  retain  finer  material,  and  there- 
fore more  material,  than  a  square  hole  screen  of  the  same  nominal  size.  Conse- 
quently if  the  fine  screens  could  have  been  obtained  with  round  holes,  the  up- 
per portion  of  each  curve  would  have  such  a  position  that  it  could  join  the  lower 

*  It  «-a8  desirable  to  u«ie  round  hole  screens  In  the  tests  as  far  ns  possible.  be<raii8e  all  of  the  mills  that  siip- 
olled  samples  used  round  hole  trommels.  Square  holes  were  used  for  the  fine  test  screens,  because  roun^ 
hole  screens  could  not  be  obtained  finer  ^an  0.403  pun. 


1144 


ORE  DRESSING. 


§  867 


portion  without  any  change  of  direction.  As  it  is,  however,  the  two  portions 
can  be  joined  only  by  making  a  sudden  change  in  direction,  which  would  give 
a  false  impression  in  regard  to  the  distribution  of  sizes. 

§  867.  Classifiers. — For  small  tests  and  when  it  is  desired  to  watch  the 
inside  of  the  classifier,  the  tubular  classifier  made  of  glass  and  described  in 
§  357  is  useful.  As  glass  is  easily  broken,  however,  a  similar  one  made  of  metal 
as  shown  in  Pig.  544,  is  usually  better.  The  sorting  column  c  (f  is  an  iron 
pipe;  the  feed  hopper  a  is  of  galvanized  iron  with  a  connecting  pipe  h;  water 
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FIG.  542. — SIZING  TEST  OF  CLASSIFIER  PRODUCTS  FROM  MILL  38   (SEE  TABLE  256). 

is  introduced  through  the  vortex  e,  which  is  described  in  §  308 ;  the  spigot  prod- 
uct passes  through  a  piece  of  hose  /  into  the  bottle  g;  and  the  overflow,  dis- 
charged at  h,  passes  through  the  hose  t  and  is  caught  in  a  bucket.  For  treat- 
ing small  quantities,  a  1-inch  pipe  is  large  enough  for  the  sorting  column  c  d. 
but  for  larger  quantities  a  1^  or  2-inch  pipe  is  better.  For  very  slow  currents  a 
3-inch  pipe  is  desirable,  because  it  is  easier  to  gauge  the  comparatively  large  quan- 
tity of  water  required  by  this  than  the  small  quantity  required  by  a  1-inch 
pipe  for  the  same  velocity  of  current. 
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FIG.  543. — ORDINARY  DIRECT  PLOT  OF  SIZING  TEST. 


For  larger  quantities  of  material  than  can  be  conveniently  treated  in  the  clas- 
sifier shown  in  Fig.  544  that  shown  in  Figs.  545fl  and  h\hh  serves  well.  It 
is  called  a  two-current  classifier  because  there  are  two  currents,  the  one  bring- 
ing the  feed  and  the  one  that  rises  in  the  sorting  column,  in  distinction  from  the 
one-current  classifier  (Fig.  544),  in  which  the  feed  is  introduced  without  be- 
ing carried  in  a  stream  of  water.  In  Figs.  545a  and  545fe  the  ore  is  placed 
in  the  galvanized  iron  trough  a,  from  which  it  is  carried  into  the  pocket  h  by 
a  small  stream  of  water.     The  baffle  plate  c  forces  the  ore  into  the  bottom 
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part  of  the  pocket,  where  it  is  subjected  to  the  action  of  the  rising  current,  and 
thus  prevents  any  grains,  which  should  go  to  the  spigot,  from  being  carried  di- 
rectly into  the  overflow.  The  spigot  product  may  discharge  into  a  closed  bot- 
tle, as  in  Fig.  544,  or  an  open  spigot  /  may  be  used.  On  account  of  the  water 
that  discharges  from  the  latter,  it  is  not  as  easy  to  calculate  the  quantity  of 
hydraulic  water  entering  at  6  to  produce  a  given  current  in  d.  The  ove^ow 
discharges  at  g. 

The  velocities  of  currents  necessary  to  lift  diflEerent  sizes  of  grains  of  different 
minerals  have  been  given  in  §  356  and  §  357;  and  the  quantities  of  water  re- 
quired to  produce  various  currents  in  several  sizes  of  sorting  column  are  given 
in  Table  227. 

If  a  sample  of  ore  is  to  be  divided  into  several  products  by  hydraulic  clas- 


FIO.  645a. — ELEVATION  OF  TWO- 
OURBENT  CLA8SIFIEB,  PARTLY 
IN  SECTION. 


FIG.  544.— ONE-CUR- 
RENT CLASSIFIER 
MADE   OF    METAL. 
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siflcation,  it  will  first  be  passed  through  the  classifier  run  with  the  slowest  cur- 
rent; and  then  the  spigot  product  will  be  run  with  a  stronger  current;  and 
this  continued  till  a  current  is  reached  which  carries  the  heaviest  grains  into 
the  overflow.  Each  of  the  overflow  products  is,  of  course,  cau^lit  by  itself.  If 
desired,  a  classifier  may  be  made  with  several  pockets,  as  in  Figs.  244a  and 
2446.  The  finest  product  will  be  obtained  in  the  final  overflow,  the  coarsest 
at  the  first  spigot,  and  the  intermediate  products  at  the  other  spigots. 

In  making  a  series  of  classified  products  it  is  well  to  have  a  fixed  ratio  be- 
tween the  successive  sorting  currentvS.  The  ratio  of  the  Rittinger  siove  scale 
(l.il4)  will  be  convenient  in  some  cases.  On  one  occasion  the  author  wanted 
a  series  of  fifteen  currents  ranging  from  12.5  to  400  mm.  per  second.     Let- 
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ting  X  represent  the  ratio  between  successive  currents,  12.5x^**~*^=400,  or 
a;"=32,  and  x=1.28091.  Using  this  ratio  gives  the  currents  as  follows:  12.5, 
16.0,  20.5,  26.3,  33.6,  43.1,  55.2,  70.7,  90.6,  116.0,  148.6,  190.3,  243.8,  312.3 
and  400  mm.  per  second. 

For  such  work  as  separating  scrap  platinum  wire  from  the  glass  and  pla>- 
ter  of  incandescent  electric  lamps,  after  pounding  in  a  mortar,  A.  E.  Foote 
of  Philadelphia  found  the  inclined  tube  shown  in  Fig.  546  more  satisfactory 
than  the  vertical  tube  of  Fig.  544.  The  logic  of  this  appears  to  be  that  ih»» 
current  of  water  flows  more  freely  on  the  upper  side,  a,  of  the  tube  than  on  the 
under  side  6.  The  specifically  heavy  platinum  falls  to  the  under  side  where 
it  is  but  little  affected  by  the  water  current,  and  discharges  into  the  bottle  c; 
while  the  glass  and  plaster  are  carried  up  by  the  current  and  discharged  at  d, 

§  868.  Settling  Beakers  or  Jars. — The  forms  of  apparatus  just  described 
are  unsatisfactory  when  very  slow  currents  (less  than  10  mm.  per  second)  are 
used.    A  better  method  in  such  cases-  is  to  allow  the  pulp  to  quietly  settle  through 

a  fixed  depth  of  water  in  a  beaker  or  jar  for 
a  certain  number  of  seconds.  In  the  tests 
described  in  §  293  and  §  352,  a  beaker  70  mm. 
in  diameter  and  110  mm.  deep  was  filled  with 
distilled  water  to  a  depth  of  90  mm. ;  and  5 
grams  of  ore  which  had  passed  through  a 
screen  with  0.069-mm.  square  holes  was  thor- 
oughly stirred  in.  After  standing  quietly  for 
300  seconds,  the  water  was  quickly  but  care- 
fully poured  off  without  disturbing  the  ore 
that  had  settled  on  the  bottom.  The  beaker 
was  again  filled  to  the  90-mm.  mark,  and  the 
process  repeated.  This  was  continued  till  the 
decanted  water  was  clear.  What  remaincnl  in 
the  beaker  was  similarly  treated  for  perio<ls  of 
120,  60,  30  and  15  seconds  in  succession. 
Each  overflow  product  was  allowed  to  setth-, 
the  clear  water  siphoned  off,  and  the  ore  drio<i 
and  weighed,  except  the  finest  product, 
which  was  determined  by  difference.  It  wiv- 
found  that  in  order  to  make  duplicate  tests  agree,  each  period  of  settling  (3<»<» 
seconds,  120  seconds,  etc.)  should  be  repeated  the  same  number  of  times  in  th»- 
separate  tests ;  and  that  it  is  not  safe  to  simply  repeat  the  settling  until  the  water 
is  clear.  Five  repeated  settlings  seem  to  give  good  results,  and  do  not  take  an  un- 
reasonable amount  of  time. 

These  tests  served  for  the  work  given  in  §  293  and  §  352,  as  an  indirect 
method  of  determining  the  per  cents,  of  various  sizes  of  ore  finer  than  the 
finest  screen  of  Table  392.  With  this  in  view,  the  diameter  of  the  smallest  par- 
ticles in  each  settled  product  was  determined  as  follows:  A  sample  was  placet! 
under  a  microscope  with  a  micrometer  measuring  attachment  and  the  length  and 
width  of  the  smallest  particle  in  the  field  of  the  microscope  were  measured.  Thi« 
was  done  with  20  or  more  separate  fields  for  each  sample,  and  the  average  of 
all  the  measures  was  considored  to  represent  the  smallest  particles  in  the  sam- 
ple. In  the  ores  examined  for  this  purpose  these  fine  settled  products  consi?t^l 
almost  entirely  of  quartz,  and  therefore,  the  quartz  measurements  are  taken  for 
the  five  finest  sizes  given  in  Table  392. 

Kunhardt**  speaks  of  this  quiet  settling  in  breakers  being  used  at  Schemnitx. 
Hungary,  as  a  regular  method  of  controlling  the  work  of  classifiers;  "for  a 
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546. — INCLINED    ONE-CUR- 
RENT   CLASSIFIER. 
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practised  eye  the  appearance  and  quantity  of  the  sediment  in  the  glass  is  a 
certain  indication  of  the  nature  of  the  slime." 

§  869.  Sealing  Fine  Slimes  by  Means  of  Dissolved  Substances  and  by  Heat 
— In  sampling  mill  products  that  contain  slimes  carried  in  water  it  should  be 
remembered  that  the  extremely  fine  particles  may  not  settle  in  several  days 
or  even  weeks.  However,  there  are  various  substances,  small  quantities  of  which 
dissolved  in  the  water  will  coagulate  the  particles  into  comparatively  large  grains, 
which  settle  rapidly.  Such  a  substance  should  be  used  in  every  important  case, 
for  the  fine  slimes  are  apt  to  contain  a  large  percentage  of  the  value  although 
they  may  be  very  small  in  weight.  At  one  mill  where  the  samples  were  allowed 
to  settle  only  a  short  time  before  pouring  ofE  the  water,  assays  of  the  tailings 
indicated  8  to  8J  ounces  of  silver  per  ton,  but,  when  the  slimes  were  thoroughly 
settled,  the  tailings  assay  was  found  to  be  18  ounces  of  silver  per  ton. 

The  following  experiments,  made  in  the  author's  laboratory,  give  some  exact  re- 
sults with  the  use  of  lime,  alum,  common  salt,  hydrochloric  acid  and  sulphuric 
acid.  The  slimes  were  obtained  by  stamping  a  quartz  ore  from  North  Brookfield, 
N"ova  Scotia,  containing  some  slate,  a  fractional  percentage  of  arsenopyrite  and 
some  free  gold,  using  a  punched  screen  with  slots  -^  inch  wide  and  a  height  of 
discharge  of  4  inches.  After  passing  over  amalgamated  plates  and  a  vanner,  the 
coarse  portion  was  settled  out  in  small  tanks,  while  the  finest  slimes  were  carried 
into  a  larger  tank  from  which  the  water  was  pumped  back  to  the  stamp  mill  and 
used  again.  After  the  mill  run  was  finished  and  the  water  had  remained  quiet 
in  the  large  settling  tank  for  half  an  hour,  a  large  sample  of  the  slimy  water 
was  taken  from  the  top  of  this  tank.  Fifteen  careful  tests  showed  an  average 
of  12.8%  suspended  matter,  the  extreme  variation  being  from  12.3%  to  13.0%. 
The  results,  given  in  Table  394,  are  based  on  this  average.  The  tests  were  made 
on  one  liter  quantities  in  beakers  of  such  size  that  the  water  stood  6^  inches 
deep  in  them. 

TABLE  394. — EFFECT  OF  DISSOLVED  SUBSTANCES   IN  SETTLING  FINE  SLIMES. 

Tbe  flgures  below  show  the  peroents.  of  total  slime  settled  out.  bj  the  use  of  different  peroeots.  of  dissolved 

RubstancpB,  in  different  penods  of  time. 
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Varying  proportions  of  salt  and  of  alum  wore  added  in  fine  powder  and  stirred 
in.  Where  lime  (CaO)  was  used,  it  was  added  as  clear  (filtered)  lime  water, 
in  order  to  eliminate  any  possible  mechanical  effect  of  suspended  lime.  The  lime 
water  contained  0.125%  CaO ;  and  the  per  cents,  of  CaO  indicated  in  the  table 
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show  the  amount  present  after  adding  respectively  25,  60,  100,  200,  300  and 
500  ec.  of  lime  water  to  1,000  cc.  of  the  slime.  The  tests  in  which  lime  wa» 
used  were  also  stirred,  to  produce  a  thorough  mixture.  In  this  connection,  it 
should  be  noted  that  while  the  simple  addition  of  even  the  smallest  quantities 
of  lime  used  caused  the  slime  to  agglomerate  into  distinct  grains*,  a  fairlv 
vigorous  stirring  caused  it  to  form  into  comparatively  large  flakes  which  eettif-d 
much  more  rapidly  than  the  grains.  Violent  stirring,  however,  tended  to  break 
up  these  flakes  and  so  hinder  the  settling  somewhat  The  stirring  seemed  also  to 
help  the  coagulation  in  the  case  of  salt  and  alum,  but  it  did  not  produce  large 
flakes. 

§  870.  The  results  given  in  the  table  may  be  in  error  by  5%,  because  the 
original  amount  of  slime  was  not  constant.  CJompare  0.02885  and  0.041675^ 
CaO  after  one  half  hour.  However,  we  may  conclude  that  95  to  100%  of  all 
the  slime  settled  out  in  half  an  hour  when  as  much  as  1%  of  common  salt  or  of 
alum  was  dissolved ;  but  when  nothing  was  added,  only  22%  settled  out  in  this 
time;  in  fact,  twenty  hours  were  needed  to  settle  out  95%  when  nothing  wa5 
added.  Weight  for  weight,  lime  is  much  more  eifective  than  salt  or  alum.  The 
presence  of  0.006%  or  more  of  CaO  caused  at  least  95%  of  all  the  slime  to  eettle 
out  in  one-half  hour.  Judging  by  the  eye,  nearly  all  the  slime  (apparently  at 
least  90%)  settled  out  in  two  or  three  minutes  in  the  presence  of  0.01136%  or 
more  of  CaO ;  and  with  the  two  smallest  quantities  of  CaO,  a  large  part  of  the 
slime  settled  out  in  two  or  three  minutes. 

It  will  be  noticed  that  even  the  smallest  quantities  of  hydrochloric  and  sul- 
phuric acids  caused  everything  to  settle  in  one-half  hour.  With  the  large>t 
amounts  of  hydrochloric  acid  (0.77%)  and  of  sulphuric  acid  (0.57%)  the 
water  became  almost  perfectly  clear  in  three  or  four  minutes,  and  in  the  same 
time  the  smaller  quantities  of  acid  all  caused  very  nearly  complete  precipitation, 
though  there  was  a  slight  increase  of  cloudiness  with  the  decrease  of  acid. 

Table  394  indicates  that  common  salt  and  alum  were  in  most  cases  about 
equally  effective.  The  effect  of  the  latter,  however,  was  always  the  more  rapid 
at  first.  This  is  illustrated  by  the  results  with  i%  of  dissolved  substance  at  the 
end  of  half  an  hour. 

In  regard  to  the  mode  of  using  the  lime,  it  may  not  be  worth  while  in  the  mill 
to  filter  the  lime  water,  as  the  suspended  particles  of  lime  will  do  little  or  no 
harm  in  the  settling. 

In  conducting  the  experiments,  numerous  tests  were  made  to  determine  if  any 
significant  amount  of  salt  or  lime  was  retained  in  the  settled  slime,  and  allow- 
anee  was  made  for  any  that  was  found.  There  should  be  no  trouble  in  this  re- 
spect if  care  is  used  to  pour  off  the  water  as  closely  as  possible  before  patting  the 
settlings  to  dry. 

The  best  substance  to  be  used  in  solution  for  one  kind  of  slime  may  not  Iv 
good  for  another.  For  example,  Chatard  and  Whitehead***  found  that  with 
slimes  from  a  certain  ore  ^'neither  lime  nor  common  salt  gave  good  results :  90 
sulphuric  acid  was  tried.  A  slight  effervescence  was  noted,  and  a  small  portion 
of  the  suspended  material  appeared  to  go  into  solution,  while  the  rest  began  to 
subside ;  on  making  the  solution  alkaline  with  caustic  soda  the  material  floccnlated 
and  subsided  rapidly.'*  Chemical  analysis  showed  that  slight  quantities  of  iron 
oxides  and  alumina  were  dissolved  by  the  acid  and  were  precipitated  bv  tho 
caustic  soda.  This  precipitation  may  have  helped  the  settling  to  some  extent. 
It  was  also  found  that  ore  which  was  slimy  and  which  did  not  settle  readilv 
when  raw,  usually  settled  readily  after  the  ore  had  been  calcined.     In  5«->nv' 

*  Reforp  adding  anything  to  the  slime,  the  suspended  matter  was  too  fine  for  the  eye  to  dJattneuUi  ind^ 
vidual  particles.  '  r^n^uBu  mur 
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other  work  Chatard  found  that  emulsions  of  clay  remained  turbid  as  long  as  the 
liquid  was  alkaline  or  neutral,  but  clarified  rapidly  when  acidified. 

§  871.  Slimes  also  settle  considerably  faster  when  the  water  is  heated  than  at 
the  ordinary  temperature.  A  beaker  containing  slime  that  would  not  settle  clear 
by  standing  over  night  was  left  on  the  steam  table  for  two  hours,  when  apparently 
about  25%  of  the  suspended  matter  had  settled  out.  Another  similar  sample 
at  the  ordinary  temperature  showed  no  settlings  on  the  bottom  of  the  beaker  at 
the  end  of  two  hours,  though  the  top  part  of  the  sample  had  cleared  somewhat. 

It  does  not  appear  to  be  known  why  dissolved  substances  coagulate  and  settle 
slimes,  but  the  following  explanation  is  perhaps  the  most  generally  accepted: 
Molecules  of  water  are  attracted  to  the  solids  so  strongly  that  there  is  a  permanent 
film  of  water  on  each  particle.  In  the  case  of  fine  particles,  these  films  are  so 
large  compared  with  the  size  of  the  particles  that  the  virtual  specific  gravity  of 
the  latter  is  much  decreased.  Certain  soluble  substances  have  a  stronger  affinity 
for  the  water  molecules  than  the  suspended  slimes  have,  and  therefore  the  film 
of  water  is  reduced  or  even  entirely  removed.  Thus,  not  only  do  the  particles 
fall  more  rapidly  because  their  normal  specific  gravity  is  restored,  but,  being  no 
longer  kept  apart  by  permanent  water  films,  their  attraction  for  each  other 
unites  them  into  comparatively  large  grains  or  flakes  which  settle  more  rapidly 
than  the  finer  particles.  A  good  analogy  is  found  in  the  experiment  of  dropping 
a  lead  bullet  and  a  downy  feather  in  air.  The  latter  may  take  a  hundred  times 
as  long  to  settle  as  the  former,  but  if  they  are  dropped  in  a  vacuum  they  reach 
the  bottom  together. 

§  872.  Beside  the  use  of  dissolved  substances  for  testing,  they  are  also  used 
in  certain  cases  in  regular  mill  work,  notably  for  settling  washed  clay  and  for 
settling  fine  slimes  in  gold  mills.  Mr.  C.  H.  Daniels  of  the  Kaolin  Manufac- 
turing Company,  Dillsboro,  North  Carolina,  has  furnished  the  following  data 
from  their  practice  in  settling  kaolin.  The  pulp  or  "slip,"  freed  from  sand,  is 
run  into  tanlcs  50  feet  long,  8  feet  wide  and  4  feet  deep,  through  screens  on  which 
a  few  lumps  of  alum  are  nlaced.  Some  grades  of  kaolin  settle  almost  immediately 
by  themselves,  while  others  would  not  settle  thoroughly  in  weeks  without  alum.* 
When  using  the  latter  the  man  can  begin  to  draw  off  the  water  from  a  settling 
tank  in  from  15  minutes  to  12  hours  after  the  tank  is  filled,  the  water  that  is 
drawn  off  having  only  a  slight  milky  appearance.  The  quantity  of  alum  used 
is  about  1^  pounds  in  15,000  gallons  of  water  (=about  0.0012%).  The  water 
as  it  enters  the  settling  tanks  carries  about  300  pounds  of  kaolin  per  100  gal- 
lons. Several  substances  have  been  tried  in  place  of  alum,  but  none  were  found 
to  be  as  good.  In  the  time  necessary  to  clear  the  water  with  alum,  common  salt 
would  settle  only  about  10%  of  the  clay. 

It  is  stated  that  in  South  African  gold  mills  0.0021%  of  dissolved  lime  (CaO) 
will  insure  the  settling  of  the  slimes  in  a  properly  adjusted  spitzkasten,  but 
that  0.001%  does  not  have  much  effect.*"'  "*  ^^  The  amount  of  lime  necessary' 
in  this  case  is  undoubtedly  greater  than  it  would  be  if  the  water  was  at  rest  in- 
stead of  being  in  continual  motion. 

In  Mill  44  the  author  collected  several  hundred  gallons  from  the  waste  over- 
flow of  the  distributing  tank  that  fed  the  slime  tables.  The  material  that 
settled  in  24  hours  quiet  standing  was  thrown  away  and  the  water  allowed  to 
stand  in  a  quiet  place  for  a  week.  A  two-gallon  bottle  was  filled  with  some 
of  the  material  that  would  not  settle  in  24  hours  but  would  settle  in  a  week, 
and  set  in  the  office  where  it  iseceived  constant  jarring  from  the  steam  stamps. 
In  about  12  hours  there  was  a  depth  of  perhaps  -J  inch  and  at  the  end  of  a 
week  about  3  or  4  inches  of  clear  water  at  the  top  of  the  bottle,  the  slime  set- 

*  Tlie  len  plastic  grades  appear  to  settle  most  readfly. 
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tling  out  like  cheese  eu^d  from  whey.    This  result  is  analogous  to  the  effect  of 
stirring  mentioned  in  §  869. 

§  873.  Jios. — For  testing  lots  of  from  100  to  2,000  pounds^  the  author  has 
found  very  convenient  a  three-sieve  Harz  jig,  with  sieve  9  inches  square  in  the 
clear.  The  height  of  the  tailboards  is  4  inches  on  each  sieve,  and  the  plungers 
are  the  same  size  as  the  sieves.  These  jigs  should  be  driven  by  step  pulleys  and 
adjustable  eccentrics  to  permit  variations  in  the  speed  and  the  length  of  throw. 
By  having  sieves  with  different  sizes  of  holes,  which  drop  quickly  into  place, 


FIG.  647a. — SIDE  ELEVATION 

OP  vezin's  testing  jig. 


FIG.  547/> — ^END  elevation. 


J 


fig.  647d. — SIEVE  BOX. 


FIG.  647c. — PLAN. 

one  can  jig  sized  products,  classified  products  or  simple  crushed  products  at  will, 
with  very  much  the  same  results  as  in  large  machines.  The  best  adju8tment^ 
for  any  ore  have  to  be  determined  by  trial,  but  the  data  givcm  in  §§  425-430. 
§§  450-453  and  §§  460-463  will  serve  for  guidance. 

Mr.  Heniy  A.  Vezin  of  Denver,  Colorado,  has  designed  a  small  jig  (see  Figs. 
547a-647rf)  which  can  be  driven  either  by  hand  or  by  power,  and  which  is  very 
convenient  for  lots  weighing  loss  than  100  pounds.  The  sieve  measures  3X4 
inches.     The  plunger  is  attached  to  the  eccentric  rod  d,  which  is  driven,  through 
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^ear  6  and  pinion  c,  by  the  crank  a.  When  the  jig  is  to  be  run  by  a  belt  and 
)ulley  p  instead  of  by  hand,  c  is  removed  and  the  friction  disc  e  on  the  driving 
fhaft^  is  pressed  against  the  wheel  /  by  means  of  the  spring  g.  The  disc  e  re- 
rolves  at  a  constant  rate,  but  the  speed  of  /  can  be  varied  by  moving  it  along 
he  eccentric  shaft  h  to  any  desired  distance  from  the  center  of  e.  The  jig 
)ox  i  is  made  of  galvanized  or  tinned  iron.     The  sieve  is  soldered  into  a  box  k 


FIG.    648. — STANDARD   CORNISH   VANNING   SHOVEL. 


si'hich  sets  into  the  sieve  compartment  of  the  jig.  The  height  of  the  tailboard  is 
raried  from  1^  inches  to  3  inches,  depending  on  the  size  of  ore  treated.  The  jig 
3an  be  fed  until  the  sieve  box  fills  with  concentrates,  the  tailings  flowing  off  con- 
stantly. 

When  it  is  desired  to  get  information  in  regard  to  very  small  samples  of  a 
pound  or  less,  the  little  jig  described  in  §  473  will  be  useful.     The  effect  of 


PIG.  549. — CIRCULAR  VANNING  SHOVEL. 

jigging  with  pulsion  and  without  suction  may  be  studied  with  the  simple  ap- 
paratus described  in  §  467 ;  for  it  is  shown  in  §  470  that  the  continuous  cur- 
rent of  this  apparatus  produces  the  same  result  as  the  intermittent  pulsion  of 

Othpr  testing  jigs  have  been  devised  by  Buttgenbach,'**  Hallett*"  and  Duf- 
field."* 
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§874.  The  Cornish  Vanning  Shovel  (see  Figs.  548  and  549)  is  used 
to  separate  the  heavy  and  light  minerals  in  products  from  3  or  4  mm.  in  diam- 
eter down  to  slimes,  but  it  is  most  satisfactory  for  products  finer  than  1  mm. 
It  serves  to  ascertain  whether  crude  ore  is  susceptible  of  concentration,  whethtr 
concentrates  contain  waste  sand,  and  whether  waste  sands  contain  valuable  min- 
eral. In  using  the  shovel  a  small  quantity  of  pulp  is  placed  on  the  blade  with 
ample  water,  and  the  shovel  is  given  a  horizontal  circular  motion,  by  which 
the  heavy  grains  are  settled.  The  lighter  portion  of  the  waste  is  then  washed 
oflP  by  flowing  the  water  across  the  surface.  The  circular  motion  and  the  flow- 
ing are  repeated  often  enough  to  remove  a  large  part  of  the  light  waste  sand. 
Then,  with  less  water  than  before,  the  concentrates  are  brought  forward  to 
form  a  head,  by  giving  a  few  tosses  to  the  shovel,  using  a  peculiar  jerking  mo- 
tion ;  and  the  water  is  flowed  over  this  head  by  another  peculiar  motion  of  the 
shovel.  This  tossing  and  flowing  are  repeated  a  number  of  times  to  get  a  thor- 
oughly cleaned  head. 

The  vanning  shovel  is  the  most  satisfactory  tool  dat  has  thus  far  been  pro- 
duced for  quickly  testing  the  products  of  vanners,  tables  and  jigs.    It  enables 
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FIG.  550. — ^VANNING 
PLAQUE. 


FIG.  551. — GOLD  MINEES* 
PAN. 


PIG.    552. — ^BATEA. 


the  ore  dresser  to  tell  in  a  minute  whether  or  not  his  machines  are  working 
properly. 

The  Vanning  Plaque  (see  Fig.  550)  is  of  about  the  same  site  and  con- 
cavity as  the  vanning  shovel,  but  has  no  handle.  It  is  made  of  sheet  iron, 
but  has  a  white  enamelled  surface  which  permits  colored  minerals  to  be  readily 
seen. 

The  Gold  Miners'  Pan  is  used  where  a  few  very  heavy  grains  as  of  ^Id 
are  to  be  looked  for  in  a  mass  of  gravel.  The  pan  (see  Pig.  551)  is  nearly  fillod 
with  gravel  which  is  thoroughly  softened  up  with  water;  the  pan  is  shaken  side- 
wise  and  in  a  circular  manner  to  give  heavy  particles  an  opportunity  to  settle : 
water  is  then  flowed  across  the  top  removing  the  top  layer  of  waste.  The  shak- 
ing and  flowing  are  repeated  until  the  contents  of  the  pan  are  reduced  to  a  verr 
small  quantity  and  then  the  gold  may  be  brought  out  either  by  tossing  it  out 
as  on  a  vanning  shovel ;  or,  by  running  the  water  carefully  around  the  groopp 
between  the  bottom  and  the  side  of  the  pan,  a  head  will  form  and  the  gold 
"colors**  show. 

The  Batea  (see  Fig.  552)  is  wt>rkfed  in  the  same  way  as  the  pan  but  the 
gold  or  concentrates  collect  at  the  center  point  which  is  the  apex  of  the  cone. 
Some  persons  prefer  the  pan,  others  the  batea  for  this  work. 


§  875 


GENERAL  IDEAS  ON  MILLING, 


1153 


The  Horn  Spoon  has  found  special  favor  in  looking  for  mercury  in  the  pulp 
from  amalgamated  plates  or  pans;  but  it  is  too  small  for  general  ore  dressing 
work. 

§  875.  Fkue  Vanner. — A  full  sized  Frue  Vanner  (see  §  480)  will  be  found 
well  adapted  to  testing  lots  of  ore  weighing  500  pounds  or  more.  The  ore  should 
be  crushed  to  V(r»  A  o^*  i^  ii^c^  ^^  diameter ;  and  the  adjustments  will  gen- 
erally range  about  as  follows:  Slope  3^  to  6  inches  in  12  feet  (for  most 
purposes  4|  inches  will  do  good  work) ;  feed  water  20  kilograms  (about  5  gal- 
.lons),  more  or  less,  per  minute;  200  shakes  per  minute;  and  a  belt  travel  of  30 
to  60  inches  per  minute  dependent  on  the  other  adjustments.  The  speed  of 
travel  should  be  chosen  which  yields  heads  nearly  free  from  quartz  and  tail- 
ings free  from  coarse  concentrates. 

An  End  Shake  Vanner  with  belt  2  feet  wide  and  8  feet  long  between  cen- 
ters of  end  rollers,  with  wash  water  jets  3  inches  apart,  having  a  very  steep  slope 
(li  inches  in  1  foot),  making  240  shakes  per  minute  of  \  inch  each  and  hav- 


FIQ.   6536. — SECTION 

ON  CD. 


njWbael 
FIG.  553a. — ^PLAN  OP  JERKING  TABLE. 


FIG.   553c. — SECTION   ON  AB, 


FIG.  553d. — BEOXION  ON  EF. 


ing  a  belt  travel  of  80  inches  a  minute,  is  a  good  design  for  cleaning  up  and 
finishing  the  fine  concentrates  of  a  canvas  table. 

§  876.  Jehking  Table. — The  author  has  found  a  small  Wilfley  table,  6  feet 
long,  satisfactory  for  testing  purposes.  For  lots  of  a  few  kilos  he  has  con- 
structed the  little  table  shown  in  Figs.  553a-553(f.  The  surface  is  made  after 
the  manner  of  the  Hallett  table,  that  is  the  rifBes  are  made  by  cutting  taper 
grooves  in  a  plane  surface  so  that  there  is  no  angle  between  the  concentrating 
plane  a  and  the  cleaning  plane  6.  The  Bartlett  driving  mechanism  (Fig. 
3965)  is  used  on  account  of  its  simplicity,  and  the  slope  is  controlled  by  means 
of  the  adjustable  bearings  p.  The  ore  is  fed  from  a  feeder  similar  to  Fig. 
491;  wash  water  is  applied  through  the  jets  c;  and  the  products  drop  into  the 
hoppers  i,  m  and  h,  and  from  these  into  buckets.  The  proportional  quantity 
of  ore  going  into  each  product  is  controlled  by  the  little  launders  I,  which  are 
adjustable  to  the  right  and  left.  The  table,  being  made  of  wood,  is  painted  so 
that  alternate  wetting  and  drying  shall  not  make  it  warp. 


1154 


ORE  DRESSING. 


§877 


§  877.  Slime  Table. — The  most  satisfactory  apparatus  for  determining 
the  best  slope  and  water  quantity  for  slime  tables  to  treat  any  ore  would  ^ 
a  table  similar  to  the  Ferraris  (see  §  504).  Very  good  results  can  be  obtained!, 
however,  with  the  simple  table  shown  in  Figs.  554a^  6546  and  55Ac,  which  is 
6  feet  long,  2  feet  wide  and  has  a  surface  of  ground  glass  framed  in  wood.  To 
prevent  cracking  of  the  glass,  a  piece  of  felt  should  be  placed  between  it  and  the 
frame  both  above  and  below.  The  slope  of  tlie  table  can  be  adjusted  by  means 
of  the  rope  a  and  pulley-blocks  5.  For  the  sake  of  careful  adjustment,  it  is 
well  to  have  the  rope  a  connected  to  a  second  set  of  pulley  blocks  overhead.  The 
rope  from  the  second  set  comes  down  to  the  side  of  the  table.  At  the  feed  end 
c  there  should  be  a  good  distributor,  such  for  example  as  Fig.  4016;  and  the 
discharge  end  d  should  be  rounded  in  order  to  discharge  the  ore  readily  imstead 
of  allowing  a  bead  to  form,  as  happens  when  the  edge  is  square.  In  using  this 
table^  it  is  set  at  some  definite  slope,  and  water  is  run  on  through  the  distributor 
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PIG.    554a. — SECTION  of  rectangular       X) 
SLIMB  TABLE  ON  AB  OF  FIG.    554c. 


FIG.  5546. — SEC- 
TION ON  CD. 


X— 


FIG.   554c. — ^PLAN  WITHOUT  SUPPORTING  FRAME. 

at  a  definite  rate.  A  portion  of  the  wetted  pulp,  say  50  grains,  is  then  fed  in 
with  the  water,  about  6  seconds  being  used  for  the  feeding.  As  the  products 
pass  out  through  the  spout  e  at  the  lower  end,  they  may  be  caught  in  a  row 
of  little  pans  set  on  a  board,  each  pan  being  held  under  the  spout  for  say  5  sec- 
onds. The  first  pan  will  catch  the  first  tailings,  the  second  pan  the  second  tail- 
ings, and  so  on  through  all  grades  of  tailings,  middlings  and  heads.  A  bucket 
will  have  to  be  used  for  the  last  heads,  for  considerable  water  must  be  used  to 
hose  them  off.  A  series  of  such  tests,  using  different  slopes  and  different  water 
quantities,  will  indicate  the  best  conditions  for  any  case.  In  applying  the  re- 
sults to  circular  convex  tables,  it  should  be  remembered  that  the  quantitt  of 
water  per  minute  flowing  over  one  foot  width  of  the  experimental  table  cor- 
responds to  the  quantity  on  one  foot  of  circumference  at  one  or  two  feet  from 
the  outer  margin  of  the  circular  table.     Near  the  center  of  the  circular  table 
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practically  no  separation  takes  place,  because  the  quantity  of  water  per  foot  of 
circumference  is  too  large  for  good  work. 

In  making  slime  table  tests,  reference  should  be  made  to  the  conclusions  in 
§  509. 

Munkoe's  Laboratory  Slime  Table  (j^ee  Figs.  555a-555t')  has  a  ground 
f^lass  surface  6  feet  long  and  4  inches  wide,  mounted  in  a  brass  frame.  The 
slope  may  be  varit^l  by  four  leveling  screws.  Water  is  fed  on  at  the  head  end 
by  eight  jets  of  water.  The  ore  is  put  into  a  feed  tray  with  eight  grooves  in  it, 
which  is  pushed  forward  under  the  water  jets. 

§  878.  Canvas  Table. — A  table  10  feet  long,  4  feet  wide,  with  adjustable 
slope,  is  very  satisfactory  for  testing.  It  should  have  a  good  distributor  at  the 
head  end,  and  a  tilting  tail  at  the  lower  end  for  shunting  the  tailings  into  one 
launder  and  the  heads  into  another.  The  grade  of  canvas  that  gives  the  best 
results  will  have  to  be  found  by  trial  for  each  ore;  but  for  pulp  with  0.5-mra. 
and  finer  grains  No.  6  duck  will  usually  be  satisfactory.  ITie  canvas  holds  the 
concentrates  better  when  the  woof  (cross  threads)  is  laid  down  the  slope  than 
when  it  is  laid  across  the  slope ;  and  it  is  best,  if  possible,  to  have  it  wide  enough 
so  that  a  single  width  covers  the  whole  table. 


Fio.  555a. — ^ELEVATION  OP  munroe's  laboratory  slime  table. 


PIG.'  5556. — ^SECTION  PIG.  555c. — feed 

ON  ah.  TRAY. 

§  879.  Testing  by  Oil. — The  use  of  oil  is  briefly  described  in  §  617.  The 
chief  principles  will  be  here  stated  as  a  guide  to  those  desiring  to  make  small 
tests.  (1)  The  oil  or  residuum  should  be  sufficiently  thick;  the  thinner  min- 
eral oils  do  not  appear  to  act  well.  (2)  The  oil  should  not  be  shaken  with 
the  water  and  sand  because  shaking  tends  to  form  an  emulsion,  from  which 
the  oil  does  not  separate  well.  (3)  The  water  should  be  added  first  to  thor- 
oughly wet  the  whole  batch  and  render  the  gangue  immune  to  the  oil.  (4) 
The  manipulation  should  be  such  as  to  give  all  particles  of  concentrates  a  good 
contact  with  the  oil  so  that  they  can  be  coated  by  the  oil  and  taken  up  into  the 
oil  layer.  (5)  Enough  oil  must  be  used  so  that  the  resulting  layer  of  oil  and 
heavy  mineral  has  a  combined  specific  gravity  lighter  than  water.  When  all 
these  conditions  are  fulfilled  the  heavy  minerals  that  are  susceptible  of  treat- 
ment should  be  obtained  in  the  upper  oil  layer  and  be  skimmed  oflE  with  ease, 
leaving  the  gangue  at  the  bottom  of  the  water  layer. 

The  operation  may  be  carried  on  as  follows :  A  tablespoonful  of  residuum  is 
added  to  a  large  beaker  of  water  and  then  the  finely  ground  ore  is  introduced 
and  the  mixture  poured  back  and  forth  from  one  beaker  to  another  for  15  or 
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20  minutes.  After  letting  it  stand  to  allow  the  tailings  to  settle,  the  oil  is 
poured  oflf,  gasoline  added  to  the  oil  and  the  mixture  heated  to  boiling  which 
precipitates  the  sulphides.  The  latter  are  washed  on  a  filter  and  assayed; 
the  tailings  are  also  assayed. 

§  880.  Testing  by  Heavy  Solutions. — If  an  ore  is  crushed  fine  enough 
to  sever  the  heavy  mineral  from  the  light,  and  a  sample  is  stirred  into  a  fcolu- 
tion  that  has  a  specific  gravity  less  than  the  heavy  mineral  but  greater  than 
the  light  mineral,  there  will  be  an  immediate  separation,  the  lighter  mineral 
floating  on  top  of  the  liquid  and  the  heavier  mineral  sinking  to  the  bottom. 
Sized  products  will  yield  better  results  than  those  containing  all  sizes.  The 
following  are  some  of  the  solutions  that  have  been  used:  Klein's  solution 
(borotungstate  of  cadmium),  specific  gravity  3.6;  Braun's  liquid  (iodide  of 
methyl),  specific  gravity  3.3;  and  Thoulet's  solution  (iodide  of  potassium  and 
mercury),  specific  gravity  3.28.°*  Klein's  and  Thoulet's  solutions  can  be  dilute.l 
to  a  desired  specific  gravity  with  water;  but  Braun's  liquid  can  be  diluted 
onlv  with  petroleum,  benzene  or  xylene.  A  saturated  solution  of  zinc  sulphate, 
specific  gravity  1.5,  is  heavy  enough  to  float  some  coals  away  from  slate  and 
pyrite. 

The  specific  gravity  of  mercury  is  13.6,  that  of  pure  gold  is  19.33.  Gold 
will  readily  sink  in  mercury  when  thoroughly  wetted  by  it,  while  quarts  floats 
upon  it. 

Magnet. — A  permanent  steel  horseshoe  magnet  serves  to  pick  out  mag- 
netic particles  from  sand.  A  small  bar  electromagnet  does  the  same  more  per- 
fectly. A  small  powerful  horseshoe  electromagnet  with  thin  poles  and  great 
magnetic  intensity  (Wetherill's  magnet)  will  lift  many  substances  having  ex- 
tremely weak  magnetism.  By  grading  the  current  in  this  last  magnet  minerals 
with  different  degrees  of  magnetism  may  be  picked  out  separately. 

§  881.  Amalgamation. — An  amalgamation  test  for  gold  may  be  made  in  a 
miners'  pan  by  mixing  the  crushed  ore  with  water,  adding  a  few  grains  of  mer- 
cury, and  thoroughly  agitating  for  a  considerable  time.  If  water  is  u^d  on 
the  bucking  board  or  in  the  hand  mortar  during  the  crushing,  the  gold  will  prob> 
ably  be  brighter  and  amalgamate  more  readily.  The  addition  of  a  minute 
quantity  of  sodium  to  the  mercury  will  make  it  still  more  active  in  eatchinir 
the  gold.  After  the  mercur}-  has  caught  all  the  gold  it  will,  it  is  separated  by 
washing  off  the  sand ;  then  dried  and  distilled,  and  the  impure  gold  so  obtained 
can  be  purified  by  cupelling  and  parting  according  to  the  usual  assay  methods. 
Where  the  amalgam  is  clean  and  small  in  amount  it  is  more  economical  to 
treat  it  with  nitric  acid  which  dissolves  everything  but  the  gold  and  thereby 
reduce  the  number  of  operations  to  one;  this  is  not  applicable  when  silver 
and  gold  are  both  to  be  determined. 

A  test  on  a  larger  scale  may  be  made  by  the  use  of  an  amalgamated  copper 
plate  of  suitable  size  which  has  been  prepared  with  bright,  clean  silver  amal- 
gam (see  §  528).  The  ore  fed  to  this  should  come  from  a  small  stamp  or 
some  machine  crushing  wet  which  will  brighten  the  gold  preparatory  to  feed- 
ing it  upon  the  plate.  After  the  test  the  copper  plate  can  be  washed  off  clean 
by  water  and  the  gold  valued  by  scraping  the  plate  carefully  to  save  the  amal- 
gam (see  §  532)  which  is  then  dried,  distilled,  cupelled,  parted  and  weighed. 
To  treat  the  pulp  from  a  battery  of  three  stamps  weighing  225  pounds  each, 
the  author  uses  an  amalgamated  plate  6  feet  long  and  2  feet  wide. 

§  882.  Ball  Mill  Test. — A  little  clean  up  barrel  (see  Fig.  556)  has  been 
used  successfully  for  small  amalgamation  tests  at  the  Massachusetts  Institute 
of  Technology.  It  has  an  inside  diameter  of  16  inches  and  runs  at  15  to  20 
revolutions  a  minute.  Iron  balls,  2  inches,  1  inch  or  |  inch  in  diameter,  are  in- 
troduced with  the  sand,  to  brighten  the  gold.     The  mercury  is  fed  either  at 
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first  or  after  the  grinding  has  proceeded  for  some  time  as  seems  best  for  the  par- 
ticular ore  under  treatment.  The  ore,  in  the  condition  of  sand  ^^  inch  in 
diameter  more  or  less  is  charged  with  water  through  the  side  opening.  After 
the  machine  has  been  run  from  a  half  hour  to  three  hours,  as  desired,  the  pulp 
and  mercury  are  discharged  into  one  or  more  gold  miner's  pans  by  removing  the 
screw  plug.  The  amalgam  is  panned  out,  cleaned,  dried,  retorted,  cupelled, 
parted  and  weighed. 

Amalgamation  in  a  Bottle. — ^A  1-quart  glass  fruit  jar  may  be  mounted  to  re- 
volve slowly  on  the  end  of  a  shaft,  and  with  its 
axis  in  line  with  the  shaft.  If  gold  bearing 
pulp  with  water  and  a  little  pure  mercury  is 
charged  into  the  fruit  jar  it  may  be  revolved  a 
longer  or  shorter  time  to  ascertain  the  readiness 
with  which  the  gold  is  taken  up  by  quicksilver. 
A  number  of  fruit  jars  may  be  mounted  on  the 
device  shown  in  Figs.  557a  and  5576,  and  in 
this  way  several  tests  can  proceed  at  the  same 
time.  The  bottles  are  held  by  the  sheet  steel 
springs  a;  and  it  is  well  to  protect  the  bottle 
by  felt  pads  tacked  on  at  h.  The  machine  re- 
volves 6  to  10  times  a  minute.  The  results  may 
bo  obtained  by  cleaning,  drying  and  retorting 
the  amalgam,  cupelling,  parting  and  weighing  the  gold;  and  tailings  may  be 
saved,  dried,  weighed  and  assayed,  this  assay  being  compared  with  that  of  the 
original  ore. 

A  frame  attached  to  an  eccentric  and  subjected  to  350  two-inch  vertical  throws 
per  minute  has  been  used  for  shaking  the  bottle  by  the  Ottawa  Gold  Mining 
and  Milling  Company,  at  Keewatin,  Ontario,  for  testing  custom  ores.    The 
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FIG..  556. — PLAN  OF  BALL  MILL. 


PIG.  557a. END  ELEVA- 
TION OF  AMALGAMA- 
TION REVOLVER. 


FIG.   5576. — SIDE  ELEVATION. 


method  of  testing  was  to  take  from  3  to  12  charges  of  thp  carefully  sampled 
40-mesh  ore,  each  weighing  100  grams  and  having  water  and  100  grams  of  mer- 
cury added,  and  agitate  for  30  minutes.  Results  of  the  total  charges  were  aver- 
aged and  were  found  to  check  with  the  results  of  large  mill  runs  within  from 
1  to  3%  on  free  gold.'." 

§  883.  Pan  Amalgamation  for  Silver. — ^A  kilogram  (2.2  pounds)  of  sil- 
ver ore  may  be  treated  in  the  small  amalgamating  pan  shown  in  Pigs.  558a- 
558rf.     The  pan  is  supported  on  four  iron  legs,  not  shown  in  the  figure,  to  per- 
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mit  heating  by  a  lamp  beneath.  The  muUer  or  grinder  revolves  120  to  150 
times  a  minute.  The  pulp  should  be  crushed  to  pass  through  a  40-me8h  screen 
before  being  charged.  The  various  methods  of  running  an  amalgamating  pan 
may  be  tried,  using  preliminary  grinding  with  muUer  down,  heating  the  pan, 


FIG.     558a. — SECTION    OF    AMALGAMATING 
PAN  ON  LINE  CDE  OF  FIG.   558&. 


FIG.  558c.— SECTION 
OF   MDLLER  ON   FQ. 


FIG.   558J. — SECTION  OF 
MULLEB  ON  LM. 


FIG.    558&. — PLAN. 


adding  common  salt  and  sulphate  of  copper,  adding  acid,  etc.,  followed  by  final 
stirring  and  amalgamation  with  the  muller  up,  using  such  quantity  of  mercury 
as  seems  wise,  adding  zinc  amalgam,  sodium  amalgam,  alkali  or  any  of  tk' 
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FIG.  559a. — FILM 
GAUGE. 


other  reagents  that  may  be  preferred.  The  amalgam  may  be  panned  out  in  a 
miner's  pan^  retorted,  melted,  weighed  and  valued;  and  the  tailings,  collected 
on  filters  so  as  to  lose  none  of  the  finest  portions,  can  be  dried,  weighed  and 
assayed.  The  assay  of  the  tailings  compared  with  that  of  the  original  ore  will 
l>e  found  to  yield  a  better  valuation  of  the  efficiency  of  the  process  than  the 
actual  yield  of  precious  metal  in  the  amalgam. 

§  884.  Clinometers  are  used  to  measure  slopes.  A  carpenter's  level  and  foot 
rule  will  answer  for  most  cases,  and  will  give  inches  fall 
in  12  inches  distance  which  is  a  common  mode  of  meas- 
uring and  stating  the  slope.  The  dealers  in  surveying 
instruments  have  little  clinometers  for  measuring  slope 
angles  in  degrees.  A  very  good  one  is  that  known  as 
Linton's  level,  sold  by  Queen  &  Company  of  Philadel- 
phia. It  measures  all  angles  from  horizontal  to  vertical 
down  to  the  nearest  5-  minutes  of  angle,  and  it  is  well 
and  substantially  made. 

Film     Gauge.  —  The    gauge, 
shown  in  Fig.  559a,  is  useful  for 
/      /  measuring  the  thickness  of  water 

*  films  on  tables.     The  needle  a 

,    -^    «       ^^        can  be  raised  and  lowered  by  the 
<j        \         ''    **.       micrometer-screw  d,  which  reads 
'        ^      zero  when  -the  point  of  the  needle 
is  exactly  in  the  same  plane  as  the 
lower  ends  of  the  legs  hh  c.    The 
FIG.    5596. — waves    feet  6  6  should   be    far   enough 
FROM  FEET.  apart  so  that  the  waves  6  0  (see 

Fig.  559fe)  shall  not  back  up  and 
change  the  depth  when  the  water  is  flowing  in  the  direction  indicated  by  the 
arrows  f  f  f.  The  point  a  is  lowered  until  contact  with  the  water  is  just 
obtained,  and  then  the  reading  gives  the  thickness  of  the  water  film.  The  usual 
form  of  micrometer  gauge  may  be  made  over  as  indicated  in  the  sketch,  and  give 
a  reliable  tool  for  this  work, 

§  885.  Specific  Gravity  Test. — Determinations  of  specific  gravity  are  val- 
uable to  the  ore  dresser  in  several  ways.  They  may  show  that  the  minerals 
are  too  near  to  each  other  in  specific  gravity  to  be  well  separated  by  methods 
depending  upon  that  property;  or  they  may  show  that  the  specific  gravities 
of  the  minerals  are  far  enough  apart  to  suggest  better  work  than  he  is  doing 
and  so  start  him  on  a  hunt  for  a  remedy;  and  finally  since  the  specific  gravity 
<»f  mixtures  of  the  heavy  and  light  materials  ranges  all  the  way  from  the  spe* 
cific  gravity  of  the  former  to  that  of  the  latter  (in  proportion  to  the  percentage 
of  the  two  minerals)  it  follows  that  a  determination  of  the  specific  gravity  of 
a  two  mineral  product  may  serve  as  a  rapid  approximate  assay  of  value.  This 
method  is  recommended  by  Rittinger,  and  is  used  at  Tamowitz,  Silesia.***  The 
method  of  computation  is  quite  simple  and  is  indicated  here: 

Let  a  be  the  specific  gravity  of  the  heavy  mineral ;  let  i  be  the  specific  gravity 
of  the  gangue ;  let  5  be  the  specific  gravity  of  the  product ;  let  x  be  the  %  orf 

,     ,              .        ,      rw,,             (•*?—*)  100   \  ,    ,  . 

the  heavy  mmeral.  Then  x^=^ —^ — '  As  an  example  let  us  assume  a  mix- 
ture of  quartz  (specific  gravity  2.6)  and  galena  (specific  gravity  7.5)  with  a  net 
specific  gravity  of  3.    Then  a:=— ^    '  ^^     =:8.16%  of  galena  in  the  product. 

This  method  is  not  accurate  enough  to  be  of  use  when  large  value  is  contained 
in  a  small  weicht  of  mineral,  as  in  the  case  of  dry  silver  ores. 
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Microscope. — ^A  microscope  is  a  very  great  help  to  the  ore  dresser.  This 
may  range  from  a  hand  lens  magnifying  two  diameters,  up  to  a  microscope  mag- 
nifying 250  diameters.  With  it  he  can  see  if  the  mineral  that  is  puzzling  him 
is  in  very  thin  scales  and  so  floats  away  where,  by  its  specific  gravity,  he  would 
not  expect  it  to  do  so;  or  if  it  is  in  very  finely  included  grains  in  the  wa.^ie 
gangue ;  or  again  if  it  is  in  the  finest  slimes.  In  these  and  many  other  ways  the 
microscope  will  explain  questions  which  otherwise  bafile  the  ore  dresser,  and  will 
thus  greatly  assist  in  overcoming  difficulties.  By  using  a  high  power  instrument 
a  rapid  approximate  chemical  analysis  of  a  fine  product  may  be  made  by  count- 
ing the  grains  of  clean  concentrates,  of  clean  gangue  and  of  included  grains  in 
a  restricted  field. 

Assay  Office. — ^The  whole  testing  business  hinges  on  an  assay  office  equipped 
with  complete  assay  outfit  such  as  is  furnished  by  nearly  all  dealers  in  min- 
ing machinery.  This  would  include  crushing  apparatus,  screens,  furnaces  and 
balances  for  gold,  silver  and  lead  ores,  and  also  chemical  apparatus  for  other 
ores.  The  samples  for  analysis  should  be  put  through  a  sieve  with  100  or  1?0 
meshes  to  the  linear  inch  or  sometimes  finer  and  in  case  pellets  of  native  metal 
occur  which  will  not  pass  through  the  sieve  these  pellets  should  be  carefully 
saved  and  analyzed  separately. 

§  886.  Weighing  and  Measuring. — Several  remarks  are  in  order  here. 
(1)  To  get  an  exact  record  of  the  amount  of  ore  treated  in  the  daily  routine 
of  mill  work,  all  of  the  cars  would  be  weighed  both  full  and  empty.  The 
difference  shows  the  net  weight  of  ore.  The  percentage  of  moisture  should 
be  determined  by  means  of  a  moisture  sample,  and  the  weight  of  dry  ore  can 
then  be  calculated.  In  commercial  work  the  need  of  saving  time  and  cost  often 
causes  the  substitution  of  measuring  for  weighing.  The  weight  of  a  car  load 
of  ore  having  once  been  obtained,  a  tally  of  the  number  of  cars  gives  the  ap- 
proximate weight  of  ore  delivered  to  the  mill  in  a  given  time.  Where  this 
method  is  used  the  figure  adopted  for  the  weight  of  a  car  load  of  ore  should 
be  obtained  with  care  by  averaging  the  weights  of  many  car  loads,  and  a  new 
value  should  be  obtained  periodically  to  cover  possible  changes  in  the  w-eights 
of  ore  and  the  sizes  of  cars.  A  method  sometimes  adopted  is  to  weigh  a  few 
cars  taken  at  random  every  day  and  adopt  the  average  weight  of  ore  contained 
in  them  as  the  average  of  all  cars  for  that  day. 

(2)  The  weight  of  a  cubic  foot  of  solid  rock,  of  broken  rock,  or  of  sand 
will  have  to  be  obtained  for  every  mine  because  of  the  varying  specific  gravity  of 
ore  as  between  mine  and  mine.  The  weight  of  a  cubic  foot  of  unbroken  quartz 
is  2.64  X  62.4  pounds=165  pounds,  in  which  62.4  is  the  weight  of  a  cubic  foot 
of  water  at  60*'F.  and  2.64  is  the  specific  gravity  of  quartz.  On  the  Rand  in  South 
Africa,  previous  to  1898,  100  pounds  was  assumed  as  the  weight  of  (i  cubic  foot 
of  broken  auartz,  but  several  tests  at  the  Ferreira  mine  showed  only  95  pounds 
per  cubic  loot.***  Some  figures  are  given  in  the  appendix  showing  approx- 
imately the  weights  of  various  kinds  of  rock  both  broken  and  in  place. 

(3)  One  often  needs  to  ascertain  the  quantity  of  a  product  passing  some  point 
in  the  mill.  If  the  stream  can  be  diverted  into  a  bucket  or  barrel  for  a  stated 
time,  for  example  one  minute,  and  this  catch  repeated  a  number  of  times  dur- 
ing the  day  to  average  up  inequalities  of  work,  the  resulting  catch  represents 
the  quantity  passing  in  the  total  time  run.  This  product  is  also  available  for 
any  sizing  tests,  assays  or  rherniral  examinations  that  may  l>e  needed.  Before 
pouring  off  the  water  the  fine  slimes  should  be  carefully  settled  out,  especially 
if  the  sample  is  to  be  used  for  assays  or  sizing  tests.  Dissolved  substances  may 
be  used  to  assist  the  settling  (see  §  869) ;  and  if  in  any  case  this  is  not  effective, 
it  may  be  necessary  to  filter  the  decanted  water  on  a  cloth  filter  or  in  a  filter  press, 
nnd  in  cases  of  extreme  value  even  to  evaporate  the  whole  of  the  water.    In 
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any  case,  after  pouring  oflf  the  water,  the  material  should  be  dried  before  weigh- 
ing. 

(4)  It  is  often  necessary  to  know  the  quantity  of  water  passing  a  point 
in  the  mill.  This  should  be  diverted  a  number  of  times  through  the  day  and 
weighed  or  measured.  If  sand  comes  with  the  water,  the  former  should  be  sep- 
arated, dried  and  weighed,  and  its  weight  subtracted  to  get  the  exact  weight 
of  water.  If  p  represents  the  weight  of  water,  in  pounds,  then  p-r-62.4  gives 
cubic  feet,  and  p-r-8.342  gives  gallons. 

§  887.  Computing  Kesults. — Examples  of  computation  are  given  in  §  489, 
Tables  363  to  367,  §  676,  §  889,  §  891,  §  893,  and  §  897,  and  in  various  other 
parts  of  the  book.  It  should  always  be  remembered  that  the  value  of  such  cal- 
culations depends  on  having  accurate  samples,  weights  and  assays;  otherwise 
the  conclusions  are  very  apt  to  be  misleading.  Too  much  emphasis  cannot  be 
laid  on  this  point 

One  Variable  at  a  Time. — ^Whether  the  ore  dresser  is  searching  for  a  process 
or  carrying  on  regular  mill  work,  \q  is  always  experimenting,  trying  to  see  if  he 
cannot  hit  upon  some  set  of  adjustments  of  his  machines  that  will  yield  better  re- 
sults than  those  already  employed.  The  importance  of  varying  only  one  adjust- 
ment at  a  time,  establishing  the  best  value  of  that  under  the  conditions  submitted, 
cannot  be  overestimated.  The  moment  two  or  more  adjustments  are  made 
at  the  same  time  the  observer  is  at  a  loss  to  know  to  which  the  improvement 
is  due.  Take,  for  example,  a  jig  working  upon  the  first  spigot  product  of  a 
classifier.  In  establishing  the  best  conditions  we  can  vary  the  mesh  of  tlie 
sieve,  the  size  of  the  bottom  bed  material,  the  depth  of  the  bottom  bed,  the 
height  of  the  tailboard,  the  amount  of  plunger  throw,  and  the  amount  of  hy- 
draulic water,  ranging  all  the  way  from  much  suction  to  little  suction,  from 
a  very  free  whole  bed  to  a  very  tight  whole  bed.  We  may  first  try  to  have  the 
jig  make  its  own  bottom  bed,  and  ring  in  all  the  changes  in  hydraulic  water, 
looking  for  hutch  product  free  from  gangue  and  tailings  free  from  valuable  min- 
eral. Next  we  may  change  the  throw  of  the  plunger,  then  hunt  again  for  the 
best  hydraulic  water;  and  a  nimiber  of  those  trials  will  be  made  until  the  best 
throw  is  found,  with  its  corresponding  hydraulic  water.  We  next  raise  the 
question  of  trying  a  coarser  or  finer  screen.  After  the  first  change  is  made 
we  must  again  hunt  for  the  best  plunger  throw  and  for  the  best  hydraulic 
water  quantity.  After  trying  several  sieves,  with  the  throw  and  water 
teste  that  go  with  them,  we  may  conclude  that  it  is  better  not  to  force 
the  jig  to  make  its  own  bottom  bed,  but  to  give  it  a  coarser  screen  and 
bring  bed  material  to  it.  A  series  of  these  variations  can  then  be  brought  in. 
On  looking  over  the  complete  record  it  will  be  easy  to  locate  the  set  of  condi- 
tions which  on  the  whole  give  greatest  capacity  and  cleanest  work  and  are 
therefore  the  wisest  to  adopt.  In  comparative  tests  of  different  machines, 
the  same  ore  should  be  used  for.both.     This  is  a  point  that  is  often  disregarded. 

testing   for  a    process. 

§  888.  While  testing  for  a  process,  many  questions  come  to  the  ore  dresser. 
Among  them  are  the  following:     Should  the  ore  be  treated  by: 

(1)  Gravel  screen  and  hand  jigs. 

(2)  Ix)g  washer  with  or  without  jig  and  classifier. 

(3)  Rolls,  trommels,  classifiers,  jigs  and  tables  or  vanners;  and  under  this 
process  come  the  secondary  questions:  (a)  Shall  we  crush  coarse  or  fine.  (6) 
Shall  we  recrush  and  reconcentrate  tailings,  and  from  what  size  to  what  size, 
(c)  Shall  we  recrush  and  reconcentrate  middlings,  and  from  what  size  to  what 
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size,     {d)  Shall  we  reconcentrate  middlings  without  recrushing  and  from  whai 
size  to  what  size. 

(4)  Steam  stamps,  classifiers,  jigs  and  tables. 

(5)  Gravity  stamps,  amalgamated  plates  and  vanners  with  or  without  can- 
vas table  and  fine  vanner. 

(6)  Rolls  and  magnetic  concentrator,  as  chief  processes  or  as  auxiliaiy  to 
some  other,  with  low  or  high  tension  magnetic  field. 

(7)  Cyanide  for  gold. 

(8)  Roasting  and  chlorination  for  gold. 

(9)  Pan  amalgamation  preceded  or  not  by  chloridizing  roasting. 
(10)     Hyposulphite  leaching  following  chloridizing  roasting. 

Other  questions  might  be  framed  to  include  phosphate,  mica,  corundum, 
graphite,  asbestos,  coal,  etc. 

To  help  in  deciding  these  questions,  a  number  of  tests  are  given  below.  As 
many  of  these  should  be  tried  as  the  circumstances  will  allow;  but  of  course 
the  ore  dresser  will  use  his  experience  and  judgment  to  decide  which  prom- 
ise the  most  information. 

§  889.  Mineral  Examination. — ^If  representative  specimens  of  each  min- 
eral, as  well  as  a  general  sample  of  the  ore,  are  analyzed,  the  percentages  of  the 
different  minerals  can  be  calculated..  In  the  following  examples  the 
different  minerals  are,  for  simplicity,  assumed  to  be  pure.  Let  us  suppot* 
that  we  have  quartz  (100%  SiOg),  calcite  (56%  CaO,  44%  CO,),  siderite 
(48.a%  Fe,  13.8%  0,  37.9%  CO^),  galena  (86.6%  Pb,  13.4%  S),  blende 
(67%  Zn,  33%  S),  and  pyrite  (46.7%  Fe,  53.3%  S) ;  and  that  the  general 
analysis  shows  Pb  17.32%,  Zn  3.35%,  Fe  7.085%,  CaO  8.4%,  SiO^  45%,  S 
9.66%,  COj  8.495%^  0  (by  difference)  0.69%.  Distributing  these  values  pro- 
portionally among  the  different  minerals  gives  the  results  shown  in  Table  395. 


TABLE     395. — MINBRALOGICAL     PERCENTAGE     COMPUTED     FROM 

PER  CENTS. 

THE     CHEMICAL 

Material 

Percent 
in  Ore. 

Percent  Distributed  among  the  Various  Minerals. 

Quarts. 

Calcite. 

Siderite. 

Pyrite. 

Blende. 

Galena. 

RIO.           

45.000 
8.400 
7.085 
0.660 
S.860 

17.820 

8.405 

.600 

45 

cSd.......... ......::::: 

8.4 

Fe        ....... 

2.415 

4.er 

6.88 

g 

1.66 
3.86 

8  08 

Zn                   ... 

Pb  

17.88 

CO.        

6.600 

1.806 
.690 

oV///........v... ;.:.::: 

Total 

lOO.OOOjf 

45jr 

IS.Ojt 

S.OOOjt 

lO.OC^ 

5.00* 

80.00» 

Assays  in  specimens  of  the  minerals,  chosen  to  represent  the  average  of  the 
above  ore,  might  be  found  to  show  silver  as  follows: — 


Galena 100  ounces  per  ton. 

Pyrite 20  ounces  per  ton. 


Blende 10  ounces  per  tor. 

Quartz  with  a  little  stain JB  ounces  per  ton. 


These  multiplied  by  the  per  cents,  of  the  minerals  from  Table  395  show  that 
in  a  ton  of  ore  the 

Galena  contains  (100  x  SO)D  or  20  ounces  siWer. 
Pyrite         "        (20x1(^50  OP  2 
Blende        "         (  lOx  556)or0.6     "  " 

Quartz       "         (   3x45jt)or  1.35   "  ** 


The  mine  ore  then  ha.s 


28.85 


"  per  ton. 

In  practice  no  assays  can  be  made  to  agree  as  perfectly  as  this  and  the  ac- 
tual assay  of  the  ore  will  differ  somewhat  from  23.85  ounces  silver  per  ton. 

The  above  assays  and  analyses  appear  to  indicate  that  the  blende  may  or  may 
not  be  thrown  away  according  to  the  smelting  charges  on  zinc  ore,  or  the  near- 
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ness  of  spelter  furnaces;  that  the  quartz  would  probably  be  thrown  away;  but 
that  galena  and  pyrite  should  both  be  saved  either  together  or  in  separate  prod- 
ucts, as  indicated  by  the  cost  of  production  and  the  prices  paid  in  the  market. 

Some  ores  will  be  better  treated  in  the  examination,  as  mineral  aggregates 
rather  than  as  pure  minerals.  A  vein  may  have  a  streak  of  very  finely  dis- 
seminated mineral,  and  another  streak  of  coarsely  crystallized  mineral.  The 
mine  ore  can  be  separated,  by  screening  and  hand  picking,  into  three  kinds: 
mine  fines,  coarsely  crystallized  ore,  and  finely  disseminated  ore.  These  three 
can  each  be  weighed  up  and  assayed,  and  their  relative  values  estimated  and 
then  the  question  will  come  up  as  to  whether  the  finely  disseminated  ore  shall 
be  sent  to  stamps  or  jigged  with  the  other;  also  whether  the  mine  fines  shall 
be  treated  on  a  separate  set  of  machines  or  with  the  crushed  ore. 

§  890.  Sizing  and  Assaying. — If  a  crushed  ore  or  any  other  product  be 
sized  on  a  series  of  screens  and  all  tiie  oversizes  assayed,  an  instructive  table 
can  be  made  of  the  results,  and  one  which  will  show  in  what  sizes  the  values 
mainly  occur.     Some  tests  of  this  kind  are  discussed  in  §  249  and  §  489. 

§  891.  Hand  Picking  Test. — A  sample  of  ore  can  be  crushed,  sized  on 
screens  and  each  size  picked  by  hand  into  three  heape,  heads,  middlings  and 
tailings, — all  particles  having  50%  or  more  concentrates  in  them,  as  estimated 
by  the  eye,  being  put  with  the  heads,  all  particles  estimated  to  have  less  than 
50%  and  more  than  6%  of  concentrates  being  put  with  the  middlings,  and 

TABLE  396. — ^MODE  OF  TABULATING  RESULTS  OF  HAND  PICKING  TESTS. 

Heads. 


Weight 

Assay  in 
Copper. 

Weight  of 
Metal. 

Percent  of  the 
Total  Metal. 

On  11.9  nun • 

Grama 
60 
40 
80 
25 
80 
16 
16 

.S 

10 

% 

6 

T 

I 

8 

S 

10 

7 

Grams. 
8.000 
9.400 
9.100 
1.750 
9.400 
1.200 
1.900 
0.790 
9.000 
0.700 

0.143 

'nirmiffh  11.8    on  8      mm. .............«>  t 

7.314 

"         6        on6.fl6  •*    

6.899 

*•         5.06  on4        ••   

5.S3S 

••         4        <m9.88  "  

7.814 

"         8.8S  onS        ♦•   

8.667 

"         8       onl.414**   

8.657 

••         1.414  on  1        "  

9.194 

'•         1  mm 

6.006 

F{n«  flUmet .,  T ........  t  r .....  t .  t ...  t « T  T  t  T  * . 

S.188 

58.889 

Middlings. 

On  11.8  mm..... 

200 
120 
25 
10 
6 
9 

? 

0 
0 

6.000 
8.600 
0.750 
0.301 
0.150 
0.000 
0.060 
0.080 

18.200 

ThixMffh  11  r8     on  8        «wwi 

10  970 

••         8        on6.66     •*    

2.886 

"         5.06  on4         *•   

0  914 

•*         4       on9.88     "    

0.467 

"         9.88  on9         *    

0.188 

"          9        on  1.414   "    

0.188 

••          1.414onl          "   

0.081 

••         1  mm 

Fine  alimM 

88.874 

Tailings. 


On  11.8  mm , 

50 
40 
70 
66 
66 
38 
88 
16 
20 
0 

9 

1.5 

1.9 

0.9 

0.0 

0.8 

0.8 

0.7 

0.7 

1.000 
0.600 
0.840 
0.5W5 
0.585 
0.9M 
0.264 
0.112 
0.140 

8.077 
1  824 

8        on5.66     "    

2  .560 

"          5.66  on4          "   

1  784 

4        on2.88     "    

1  7H4 

9.83   on9          '♦    

0.805 

"          2        on  1.414    •*   

0  805 

1.414onl          "    

0.341 

**         1  mm 

0  427 

FbiB  slimes 

'**•• 

13.413 

Grand  total » 

1,000 

8B.810 

100.025 
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all  particles  estimated  to  have  less  than  5%  of  concentrates  in  them  being  pui 
with  the  tailings.  This  hand  picking  will  probably  reach  a  fine  limit  at  about 
1  mm.  The  undersize  of  the  1-mm.  screen  can  be  concentrated  on  a  vanniig 
shovel,  a  vanning  plaque  or  a  gold  miners^  pan.  The  fine  slimes  will  first  b«- 
floated  off,  and  saved  either  by  the  use  of  a  dissolved  substance  (see  §  8(>9). 
by  filtering  or  by  evaporating  the  water  to  dryness,  to  save  the  whole  of  tht 
slimes.  The  vanning  shovel  will  yield  heads  and  tailings.  Each  of  these  prod- 
ucts may  then  be  weighed  and  assayed.  The  results  may  be  tabulated  a*  in 
Table  396,  which  is  made  up  for  the  purpose  of  illustration  upon  the  assump- 
tion that  1,000  grams  of  a  copper  ore  had  all  been  crushed  to  pass  a  16-mm. 
screen  and  then  sized  on  Eittinger's  series  of  screens ;  the  weights  and  assays  are 
also  assumed. 

From  this  table  we  may  draw  the  following  conclusions: 

(1)  The  ore  assays  3.28%  copper;  and  if  the  work  has  been  carefully  don<^ 
this  is  a  more  accurate  assay  than  any  single  assay  could  be. 

(2)  We  have  saved  in  the  heads  only  63.24%  of  the  total  original  value. 

(3)  The  coarse  tailings  are  much  too  rich,  and  therefore  the  limiting  size 
must  be  much  smaller  than  16  mm. 

(4)  4  mm.  appears  to  be  a  safe  mill  limiting  size;  that  is,  nothing  should 
be  allowed  to  go  to  waste  larger  than  4  mm. 

(5)  We  can  either  work  the  sized  products,  as  above  indicated,  by  graded 
crushing  and  graded  jigging  using  16  mm.  as  the  preliminary  limit  and  4  mm. 
as  the  final  limiting  size,  or  we  can  crush  by  graded  crushing  right  down  to 
4  mm.  and  then  size  and  jig. 

(6)  The  fine  slimes,  though  amounting  to  only  1%  of  the  ore  by  weight, 
are  rich  enough  to  justify  considerable  care  in  saving  them. 

(7)  Taking  the  net  average  of  the  4-mm.  and  finer  sizes,  we  may  assume 
that  the  ore  can  probably  yield  tailings  as  low  as  0.84%  copper  and  heads 
as  high  as  8.11%  copper;  and  we  may  add  the  following  computation.-: 
let  r=per  cent,  of  metal  in  the  mine  ore;  let  ^^per  cent,  of  metal  in  the  tail- 
ings; let  A=per  cent,  of  metal  in  the  heads;  let  a;=weight  of  tailings  from 
100  tons  of  original  ore;  and  let  100 — x=weight  of  heads  from  100  tons  of 

original  ore.     Then  a:=  — ,  — . — -  and  substituting  the  above  figures  for  sake  of 

100(8.11-3.28)     483.0     ^^  ,,  ^  .  ^  .,.  ,    ^^^ 

example,  we  have  x— — q^i_o  q4     '^'Y^  tailings,  and    100 

—2;= 33. 56  tons  of  heads.  Thus  the  tests  and  subsequent  speculation  indicate 
that  from  100  tons  of  ore  containing  3.28%  copper  (=3.280  tons  or  6,560  pounds 
of  total  copper)  we  might  produce  33.56  tons  of  heads  containing  8.11%  copper 
(=2.722  tons  or  5,444  pounds  of  copper),  and  66.44  tons  of  tailings  contain- 
ing  0.84%  copper  (=0.558  tons  or  1,116  pounds  of  copper),  which  shows  a  con- 
centration in  the  heads  of  83%  of  the  total  original  copper. 

Table  396  shows  complete  data,  but  the  obtaining  of  such  a  lot  of  figures  re- 
quires a  large  amount  of  work,  and  it  is  frequently  advisable  to  shorten  the 
steps.  Table  397  shows  results  of  an  actual  test  in  Mill  30  on  the  recrushing  of 
jig  middlings  by  the  No.  4  rolls.  The  feed  to  the  rolls  was  sampled,  sized  and 
each  size  picked  into  heads,  middlings  and  tailings ;  the  product  of  the  rolls  wa^ 
treated  in  the  same  way.  However,  instead  of  assaying  every  product  separatelv 
as  indicated  in  Table  396,  all  the  products  of  one  kind,  for  example,  all  thi» 
heads  products  in  the  feed,  wore  put  together  and  one  assav  made  of  the  lot. 
From  Tnhlo  397  may  be  computed  the  total  of  the  heads,  middlings  and  tailing? 
in  the  feed  to  the  rolls,  and  similarlv  in  the  product  of  the  rolls;  a  comparison  of 
these  two  sets  will  show  how  much  mineral  has  been  freed  by  the  crushing. 
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TABLE   397. — SIZING   AND   JIAND   PICKING   TESTS   IN    MILL   30. 


Feed  u>  the  Rolls. 

Product  of  the  Rolls 

Size. 

Weight 

Percentage  Composition  as 
Selected  by  Hand. 

Weight. 

Percentage  Composition  as 
Selected  by  Hand. 

Heads. 

Middlings. 

Tailings. 
% 

Heads. 

Middlings. 

Tailings. 

On  T  mm 

0.084 
7.821 
58.266 
7.835 
11.775 
11.281 
5.298 
0.828 

% 

% 

% 
0 
1.827 
15.602 
8.151 
7.211 
15.701 
22.644 
7.487 
7.936 
4.482 
8.959 

% 

% 

% 

TimMif^li  7  on  5  mm 

4.81 
5.13 
9.00 
7.70 
12.70 
26.20 
40.80 

52.90 
56.10 
48.80 
38.70 
33.20 

53.99 
46.08 
88.10 
36. 2J 
88.50 
35.10 
26.50 

8.50 
5.63 
6.80 
9.10 
12.80 
18.60 
22.80 

47.4 
44.0 
52.0 
55.0 
50.G 
39.9 
35.8 

44.1 

5on8    "   

'*        3  mm.  on  8  mesh. 

8  mesOi  on  10     " 
•',      10     "    on  16     " 

16      ♦*    on  20      " 
"       80      "    on2#      " 
**       81     ••    on  bJ     ** 

50.3 
42.2 
35.9 
36.0 
41.5 
41.4 

•*       90     **    on40     '* 

*'       40     •• 

.  .... 

Laad  contents 

\\.\% 

82.39( 

12.2jf 

Trace. 

11.23< 

29.C5C 

8.W 

Trace. 

§  892.  Jigging  Test. — ^An  ore  that  is  to  be  jigged  may  be  crushed  by  a 
breaker  and  rolls,  either  with  or  without  graded  crushing  (see  §  99),  screened 
and  classified,  either  with  or  without  close  sizing  (see  §  285  and  §  462),  and 
each  product  treated  with  suitable  adjustments  on  a  jig.  In  the  case  of  small  lots 
the  finest  sizes  will  be  concentrated  on  a  vanning  shovel ;  with  larger  lots  they  will 
be  treated  on  a  table  of  the  Wilfley  type,  on  a  vanner,  on  a  glass  table  (see 
§  877)  or  on  a  canvas  table.  Each  product  should  be  weighed  and  assayed  and 
the  results  tabulated  as  in  §  891,  to  assist  in  drawing  conclusions  as  to  the  best 
method  of  treatment. 

Fine  Concentration  Test. — An  ore  needing  rather  fine  crushing  and  only 
a  small  reduction  (perhaps  3  tons  of  ore  into  2  tons  of  concentrates)  has  been 
successfully  treated  by  the  author  in  the  following  way :  Crush  by  breaker  and 
rolls  to  pass  through  a  screen  with  1-mm.  square  holes,  send  to  a  three-spigot 
classifier  and  treat  on  a  Wilfley  table.  The  ore  contained  finely  disseminated 
pyrite  (to  be  used  for  sulphuric  acid  manufacturers),  a  little  chalcopyrite,  and 
a  quartz-feldspar-mica  gangue.  The  first  spigot  product  was  clean  pyrite.  The 
second  spigot,  treated  on  the  Wilfley  table,  yielded  pyrite,  chalcopyrite  and 
gangue.  The  third  and  the  overflow  yielded  the  same.  The  fine  slimes,  being  too 
rich  in  copper  to  throw  away,  were  caught  in  a  settling  tank  and  treated  as  con- 
centrates. 

Canvas  Tables  and  Steep  End  ShaJce  Vanner. — ^If  the  Frue  vanner  or 
Wilfley  table  is  to  treat  an  ore  in  which  the  concentrates  have  a  very  high  value 
($50  or  more  per  ton),  the  question  of  saving  the  extremely  fine  slimes,  which 
these  machines  lose,  rises  to  commercial  importance.  The  vanner  when  well  run 
saves  all  the  coarser  concentrates,  but  loses  a  considerable  part  of  that  w^hich  is 
finer  than  about  one-tenth  the  diameter  of  the  maximum  size  of  grain.  If  the 
vanner  tailings  are  treated  in  a  classifier  which  will  just  lift  the  fine,  rich  grains 
and  let  the  coarser  waste  go  into  the  spigot,  and  the  overflow  be  sent  to  a  canvas 
table,  and  the  heads  of  this  sent  to  a  little  steep  end  shake  vanner,  a  clean,  rich 
concentrate  will  result ;  and  figures  on  ite  quantity  and  richness  and  on  the  esti- 
mated cost  of  running  will  indicate  whether  or  not  this  method  will  pay. 

Some  of  the  author's  students  obtained  the  following  results  by  a  test  of  this 
kind:  Coarse  vanner  tailings,  0.10  ounce  gold  per  ton ;  fine  vanner  tailings,  0.13 
ounce  gold  per  ton ;  canvas  table  heads,  0.6  ounce  gold  per  ton ;  canvas  table  tail- 
ings, trace  gold  per  ton ;  steep  end  shake  vanner  heads,  5.00  ounces  gold  per  ton ; 
steep  end  shake  vanner  tailings  were  teo  rich  to  throw  away  and  were  re-treate^ 
.»n  a  canvas  table. 

§  893.     Free  Milling  Gold  Ores  may  be  treated  in  lots  of  1,000  or  2,000 
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pounds  with  a  breaker,  a  stamp  battery  with  225-pound  stamps,  a  copper  plate 
2  feet  wide  and  6  feet  long  coated  with  silver  amalgam,  a  mercury  trap,  a  vanner 
and  a  little  ball  mill. 

'I'able  398  shows  the  results  of  such  a  test  made  by  students  at  the  Massachu- 
setts Institute  of  Technology.  The  ore  used  was  from  the  Brookfield  Mining 
Company  of  Nova  Scotia,  and  contained  its  free  gold  in  coarse  c*onditioD.  The 
ore  was  crushed  in  a  Blake  breaker  to  J-inch  diameter,  thoroughly  mixed  and  di- 
vided into  three  lots  by  placing  alternate  shovelfuls  on  three  separate  piles. 
Table  398  is  the  results  from  the  first  lot.  The  stamp  battery  had  a  plate  screen 
with  slotted  holes  -^^  inch  wide.  The  battery  residue  was  panned,  rieldini! 
amalgam  (a)  and  gravel  (t).  The  gravel  (6)  was  ground  in  a  sample  grinder 
to  :^-inch  diameter,  amalgamated  in  a  little  ball  mill,  and  then  panned,  yield- 
ing amalgam  (c),  concentrates  {d)  and  tailings  (e).*  Amalgams  (a)  and  {O 
were  united  and,  by  retorting,  yielded  battery  gold.  The  concentrates  (d)  and 
tailings  {e)  were  included,  by  calculation,  in  the  concentrates  and  tailings  from 
the  vanner.  The  material  "unaccounted  for'  was  assumed  to  assay  the  same  as 
the  fine  vanner  tailings. 

TABLE  398. — TEST  OP  A  FREE  MILLING  GOLD  ORE. 


Weij?ht  of 
Product. 

Gold  per 
Ton. 

Percent  of 
Gold. 

Weight  of 

Percent  of  the 
Total  OoM. 

Oreffd 

Kilos. 
392 

Ounces. 

1.07 

0.0VM7 

iTSSl 

16.0802 
2.8146 
0.0855 
1.4638 
1.0186 
0.5767 
0.0842 
0.2145 

78.10 

Plate  ffold              

1S.68 

0.11 

15.86 
966.75 
80.10 

8.78 
0.11 
0.81 

odd 

e.67 

VAnnpr  nruLniA  taJHim ••••• 

4.65 

Vanner  fine  tailings 

Gold  in  slasr 

S.60 
0.88 

Unaccounted  for 

89.79 

0.21 

0.00072 

0.96 

Total         .......••..•t»»»* 

892  00 

22.2791 

«9.90 

Percent  of  total  gold  saved  by  amalgamation 8I.94)( 

Percent  of  total  gold  saved  in  concentrates 6.67 

Total  saving ..;. 91.6W  ^ 

Fire  assay  of  original  ore 1 .07  ounces  gold  per  loo. 

Assay  calculatea  from  mill  results 1.66  ounces  gold  per  ton. 

A  second  section  of  the  class  obtained  the  following  final  figures  from  the  sec- 
ond lot  of  this  ore :  * 

Percent  of  total  gold  saved  by  amalgamation 88.1Ss( 

Percent  of  total  gold  saved  in  concentrates 8. 60 

Total  saving OO.TSjC 

Fire  assay  of  original  ore 0.88  ounce  gold  per  ton. 

Assay  calculated  from  mill  results 1.72  ounces  gold  per  ton. 

A  third  section  of  the  class  obtained  the  following  final  figures  from  the  third 
lot: 

Percent  of  total  gold  saved  by  amalgamation 88.009r 

Percent  of  total  gold  saved  in  concentrates 8.81 

Total  saving 91.21^ 

Fire  assay  of  original  ore 1.84  ounces  gold  per  ton. 

Assay  calculated  from  mill  results 1.60  ounces  gold  per  ton. 

These  results  well  illustrate  how  diflRcult  it  is  to  sample  and  assay  ores  car- 
rying very  coarse  gold ;  and  how  much  more  accurate  is  a  mill  test  than  a  fire 
assay.  Compare  the  results  of  mill  tests  (1.66  ounces,  1.72  ounces  and  1.50 
ounces  gold  per  ton)  with  the  corresponding  fire  assays  of  the  original  ore  (l.'^T 

«  Though  the  pan  i^  an  excellent  tool  for  recovering  amalgam  and  free  gold,  it  is  not  so  good  for  savinc 
conoentratejt;  the  vanning?  shovel  is  much  better  for  that  purpose.  In  the  above  test  there  was  too  much  toa- 
terlal  to  be  handled  conveniently  on  a  shovel,  but  the  little  Jerking  table  shown  in  Figs.  5Saa-668d  is  highly 
efficient  in  such  a  case. 
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ounces,  0.38  ounce  and  1.84  ounces  gold  per  ton).  Fire  assays  of  ores  with 
coarse  gold  are  more  apt  to  give  low  than  high  results.  In  this  case  two  are 
below  and  one  is  above  the  mill  tests. 

§  894.  Metallurgical  Tests. — Some  ores  of  gold,  silver  or  copper  fail 
to  give  an  economical  result  by  concentration ;  and  in  such  cases  it  may  be  wise 
to  try  lixiviation  or  pan  amalgamation.  Such  methods,  being  in  the  domain 
of  Metallurgy  and  foreign  to  Ore  Dressing,  are  only  briefly  outlined  here.  Ores 
that  are  sufficiently  rich  as  they  come  from  the  mine  will,  of  course,  go  directly 
to  the  smelter. 

Cyaniding  Oold  Ores. — ^Tests  should  be  made  on  both  raw  and  roasted  ore, 
to  determine  how  much  lime  or  caustic  alkali  is  needed  to  neutralize  any  acid- 
ity ;  also  to  determine  the  best  size  of  ore,  the  best  strength  of  solution  and  the 
consumption  of  cyanide.  In  small  tests  it  is  better  to  calculate  the  extraction 
from  the  assay  of  the  original  ore  and  of  the  tailings  rather  than  to  attempt  to  re- 
cover the  gold  from  the  solution.  For  full  instructions  as  to  cyanide  tests  the 
reader  is  referred  to  Furman's  ^'Manual  of  Practical  Assaying,'^  fifth  edition 
(1899),  page  401. 

Chlorinating  Oold  Ores. — A  sample  of  the  ore,  crushed  to  30  or  40  mesh, 
is  thoroughly  roasted  in  a  small  reverberatory  or  muffle  furnace,  moistened,  satu- 
rated with  chlorine  gas  in  a  tight  jar  or  tank  and  left  to  the  action  of  the  chlorine 
for  24  hours,  more  or  less.  The  chloride  of  gold  is  then  leached  out  with  water, 
and  the  tailings  assayed  to  determine  by  comparison  with  the  assay  of  the  orig- 
inal ore,  what  percentage  of  gold  has  been  extracted.  Instead  of  using  chlorine 
gas,  the  ore  may  be  agitated  with  water,  sulphuric  acid  and  bleaching  powder 
in  a  strong  bottle  which  can  be  tightly  sealed.  For  details  see  Aaron's  "Leach- 
ing Gold  and  Silver  Ores''  (San  Francisco,  1881)  page  86;  also  Furman's  "Man- 
ual of  Practical  Assaying,"  fifth  edition,  page  256. 

§  895.  Leaching  Silver  Ores  with  Hyposulphite. — If  a  silver  ore  is 
roasted  with  salt,  (with  the  addition  of  pyrite  if  the  ore  does  not  contain  much 
sulphide)  the  silver  may  be  extracted  by  leaching  with  hyposulphite  of  soda. 
For  details  see  Stetefeldt's  "Lixiviation  of  Silver  Ores"  (second  edition,  1895) 
page  93;  or  Daggett's  article  in  the  Am.  Inst.  Min.  Eng.,  Vol.  XVI.,  (1887-88), 
page  368. 

Amalgamation  of  Silver  Ores. — After  chloridizing  roasting,  an  ore  may  be 
treated  with  mercury  in  the  little  pan  (see  §  883),  using  the  muUer  simply  as 
a  mixer,  and,  after  treatment  for  2  hours,  more  or  less,  may  be  panned  to  sep- 
arate the  amalgam  from  the  tailings;  the  whole  of  the  tailings  must  be  saved 
even  to  the  finest  slimes.  The  assay  of  these  tailings  compart  with  the  assay 
of  the  original  raw  ore,  by  suitable  computation,  gives  the  extraction  of  sil- 
ver. The  amalgam  obtained  is  not  as  good  a  valuation  since  some  amalgam  may 
be  left  on  the  muller  or  some  from  a  previous  run  scraped  off  and  weighed. 

A  raw  ore  of  silver,  without  previous  chloridizing  roasting,  if  it  contains 
silver  as  sulphide,  chloride,  bromide,  or  in  any  other  combination  that  can 
be  decomposed  and  amalgamated  by  heated  water,  mercury,  iron  and  chem- 
icals, may  be  treated  in  the  little  pan,  using  a  preliminary  period  of  4  hours, 
more  or  less,  of  heating  and  grinding  with  the  chemicals,  with  the  muller  down, 
followed  by  one  hour,  more  or  less,  with  the  muller  up,  of  stirring  the  decom- 
posed ore  with  mercury  to  amalgamate  the  silver.  The  resulting  pulp  can  be 
panned  for  amalgam,  and  the  whole  of  the  tailings  saved  and  extraction  com- 
puted with  the  precaution  spoken  of  above. 

Leaching  Copper  Ores. — Copper  sulphides  and  carbonates  are  not  infrequently 
found  in  which  the  copper  minerals  are  so  intimately  mixed  with  the  srangue 
that  a  good  extraction  cannot  be  made  by  mechanical  concentration.  The  car- 
bonates may  be  dissolved  by  sulphuric  acid  if  the  ore  does  not  contain  limestone 
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or  other  substances  which  will  consume  too  much  acid.  Sulphides  may  be  dead 
roasted  to  convert  them  into  oxides,  and  the  copper  extracted  by  acid ;  or  tht  v 
may  be  so  roasted  as  to  convert  the  copper  into  sulphate  and  the  latter  extracte'J 
by  water,  followed  by  dilute  acid  if  necessary.  If  salt  is  added  toward  the  eii^l 
of  the  roast  the  copper  may  be  converted  into  chloride,  which  is  then  extract* •. 
by  water  followed  by  dilute  acid  if  found  necessary.  The  copper  is  recoveriHl 
from  solution  by  precipitating  on  scrap  iron;  the  recovery  by  precipitation  l)v 
electricity  using  lead  anodes  is  one  of  those  processes  that  is  still  on  trial. 

§  896.  Small  Tests  Compared  with  Mill  Work. — Let  us  see  to  wha: 
extent  small  tests  can  answer  questions  asked  by  the  mill  superintendent. 

The  Yield. — ^The  small  test  can  tell  whether  the  mine  ore  will  yield  much 
or  little  concentrates,  and  whether  they  are  rich  or  poor.  Computation  will, 
from  the  weight  and  assay,  tell  the  dollars  per  ton  that  can  be  extracted. 

Mill  Design, — The  small  tests  enable  one  to  select  the  kind  of  machines  re- 
quired for  the  treatment  and  to  determine  approximately  the  number  of  them; 
hence  they  are  a  great  help  in  mill  design. 

Errors, — A  small  test  errs,  as  compared  with  mill  work,  in  the  fact  that  it 
is  watched  much  more  carefully  than  a  mill  can  be.  On  the  other  hand  there 
is  a  starting  error  while  the  machines  are  getting  under  way,  and  a  stoppinir 
error  while  the  machines  are  being  stopped  and  cleaned  up,  both  of  which  tend  to 
lower  the  percentage  of  metal  in  the  heads,  and  therefore  count  to  a  small  ex- 
tent against  the  small  test.  The  mill  hands  are  generally  so  well  trained. that 
the  mill  work  should  compare  very  well  with  small  tests ;  but  if  the  mill  man- 
ager is  forced  to  over-drive  his  machines  or  does  not  have  them  properly  ad- 
justed, the  comparison  will  be  in  favor  of  the  small  test. 

Efficiency  of  the  Process, — The  small  test  will  show  the  percentage  of  the 
metal  extracted,  and  whether  one  process  is  more  efficient  than  another. 

Cost  of  Treatment, — This  depends  upon  cost  of  labor,  power,  supplies,  in- 
terest, etc.;  and  the  small  test  will  help  here  only  in  so  far  as  it  points  out 
the  kind  of  a  mill  that  is  needed.  The  ore  dresser  must  depend  upon  his  ex- 
perience for  the  rest.  Assuming  that  he  is  able  to  estimate  cost,  then  he  is  in 
a  position  to  calculate  whether  or  not  a  mill  can  be  erected  and  run  at  a  profit, 
taking  into  account  the  ore  supply  and  the  depreciation.  He  can  also  figure 
,what  size  of  mill  will  yield  the  largest  net  profit  in  the  end. 

REGULAR    MILL    TESTING. 

§  897.  Tests  of  the  work  of  the  mill  as  a  whole  are  made  by  determining 
each  day  the  weight  and  value  of  the  ore  coming  to  the  mill,  of  the  concentrates 
saved,  and  of  the  tailings  lost.  All  three  of  these  determinations  may  be  made 
separately  or,  in  case  the  first  is  difficult  to  make,  the  last  two  may  be  deter- 
mined and  the  first  is  calculated  from  these  two.  At  Mills  65,  73,  and  74  two 
samples  are  taken  from  every  car  of  concentrates,  holding  900  pounds,  by  a 
15-inch  cheese  scoop  sampler.  A  sample  of  final  tailings  is  taken  every  three 
hours.     The  aggregate  samples  are  assayed  each  day. 

The  following  report  by  Pope  Yeatman  on  Mill  15  will  serve  as  an  example  of 
a  mill  test: 

"The  ore  or  Sva^h  dirt*  was  from  the  pump  shaft  and  went  through  no  pre- 
liminary treatment  other  than  the  customary  'culling.*  It  was  a  mixture  of  flint, 
spar,  blende  and  mud,  with  flint  largely  predominating.  The  blende  occurred 
coarsely  disseminated  in  the  flint  and  spar  and  none  was  in  the  form  of  'peb- 
ble jack*  or  free  ore.  It  was,  however,  crystalline.  After  crushing,  the  ore 
varied  in  size  between  J  inch  and  impalpable  powder.  The  blende  neither  scaled 
nor  slimed  badly,  but  broke  in  pieces  more  or  less  angular.    Between  20  and 
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30%  of  the  material  failed  to  pass  through  openings  of  \  inch  diameter.  This 
coarse  size  was  in  every  case  lower  in  zinc  than  any  of  the  other  sizes,  the  finer 
material  the  richer,  which  is  to  be  expected,  blende  being  far  more  friable  than 
Hint/' 

"Xot  being  finely  disseminated  it  was  possible  to  crush  'coarse'  and  hence 
a  greater  saving  could  be  made  than  had  fine  crushing  been  necessary.  The 
losses  in  slime  treatment  and  fine  jigging  are  much  greater  than  in  the  case 
of  jigging  coarse  sizes." 

"In  taking  samples  groat  care  was  taken  to  ensure  fair  averages.  Samples 
of  from  one  to  two  quarts  were  taken  of  all  the  different  materials  every  15 
or  20  minutes.  In  the  case  of  the  tailings  it  was  necessary  to  take  separate 
siimples  of  coarse  and  slime  tailings  on  account  of  the  two  materials  discharg- 
ing at  different  points.  It  was  also  necessary  to  assume  a  ratio  between  the 
coarse  and  slime  tailings.  After  experimenting,  by  screening  samples  of  ore 
and  coarse  and  fine  tailings,  and  arriving  at  the  table  sizes,  the  ratio  of  slime 
tailings  to  general  tailings  was  estimated  at  1 :  10,  which  is  liberal." 

TABLE  399. — ^RESULTS  OP  TESTS  OP  MILL  15. 


Tons  of  "dirt"  treated 

"      lesR  5]{  moisture 

Percent  »Inc  in  "  dirt " 

"  coarse  tailings 

**  tailings  from  table  and  over- ) 

no\r \ 

P«vent  UllinRS  In  "dirt" 

sine  in  general  tailings 

"    tailings  per  ton  of  "  dirt " 

•*      temper  ton  of ''dirt'' treated 

**      saving  per  ton  of '*  dirt '' treated 


Run  of 
Sept  19, 90. 


61 

68.00 

18.84 

1.78 

11.6 

76 
2.76 
9.06 
10.0 
89.1 


Run  of 
Not.  11. 


81 

99.46 
18.98 
1.56 

6.74 

81 

9.08 
1.68 
12.1 
87.9 


Run  of 
Nov.  12. 


80.26 

28.76 

11.24 

1.86 

7.60 

84 
1.97 
1.66 
14.7 
86.8 


Run  of 
Dec  19. 


35.90 

U.IO 

11.16 

1.08 

7.09 

84 
2.17 
1.88 
16.  S 
83.6 


Run  of 
Dee.  90. 


86.75 

84.90 

11.44 

1.79 

4.78 

84 

9.92 

1.85 

16.10 

88.9 


"In  test  No.  1,  the  table  and  overflow  tailings  are  high.  Changes  were  after- 
wards made  with  the  table  which  reduced  the  loss.  In  No.  3  the  value  for  table 
and  overflow  tailings  was  assumed,  the  sample  having  been  lost;  the  value  is 
probably  too  high.  In  tests  4  and  6  the  weights  are  actual  while  in  1,  2,  and 
3  the  weights  are  estimated." 

"The  following  are  assays  of  the  different  sizes  of  ore  made  in  two  of  the 
trials." 


Run  of 
Sept.  19,  90 

Run  of 
Dec.  19. 

Rim  of 
Sept.  19,  90. 

Run  Of 
Dec  19. 

jijf  1 

64.48j(  zinc 
64.98)(     '' 
64.76j{     " 
66.90j(     " 

[  61.86jr  sine 
64.12*     " 

Jig  4 \ 

;;    4,  hutch \ 

M.4n%  sine 

62.49JJ     " 
67.6W     " 
48.97j<     " 

(  68.71](slnc 
1   68.61)(     " 

••    2  

♦»    8  

68.9W     " 

S,  hutch 

Table  1 

[  M.\Z%     » 

••     2 

"In  the  run  of  Sept.  19,  20,  the  following  percentages  for  different  screen- 
ings were  obtained: 


Percent  of 
Total  Weight. 

Percent 
Zinc. 

Percent  of 
Total  Weight 

PercMit 
Zinc. 

Over  \i  inch 

88.89 
96.88 
93.88 

14.66 
91.24 
90.80 

Through  10  mesh  on  90  mesh 
•*       90     "    on40     " 
"       40     "    

7.57 
1.68 
6.7D 

19  74 

Through  U  on  ^  inch 

MliHShonlOmesh 

19.9^ 
99.78 

"The  results  are  certainly  very  satisfactory.  It  might  still  be  possible  to  re- 
duce the  losses  in  the  slime  treatment  without  increasing  the  cost  of  treatment 
much  or  lowering  the  grade  of  the  finished  product.*' 
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§  898.  Tests  are  made  in  the  course  of  regular  mill  work  to  ascertain  if  the 
machines  are  doing  as  good  work  as  may  reasonably  be  expected  of  them ;  if  they 
can  be  made  to  do  better  work,  and  if  so  how ;  and  finally  if  their  work  is  so  poor 
as  to  suggest  changing  them  for  other  machines. 

Two  methods  at  once  present  themselves :  the  rough  and  ready  vanning  shovel ; 
and  careful  sampling  followed  by  sizing  test  and  assays.  For  the  ordinar} 
testing  of  machines  the  vanning  shovel  yields  such  quick  results  that  it  is 
to  be  most  highly  commended.  On  the  other  hand,  at  times  it  fails,  and  it  i^ 
well  to  know  under  what  circumstances  this  is  true.  On  one  occasion  the  au- 
thor handed  to  one  of  the  best  of  mill  men,  and  most  skilled  in  using  the  van- 
ning shovel,  a  product  the  treatment  of  which  had  been  a  puzzle,  and  aske-i 
him  to  van  it  and  tell  how  much  native  copper  it  contained.  He  vanned  and 
vanned,  and  finally  said  "none.*'  The  author  then  ground  the  sample  on  a 
bucking  board  and  again  asked  for  the  per  cent,  by  the  vanning  shovel.  The 
mill  man  quickly  replied  "12%  or  more."  The  sample  when  assayed  yielded 
a  fraction  over  12%  and  showing  how  skilled  and  well  practiced  the  mill  man 
was;  and  yet  in  the  first  instance  the  vanning  shovel  broke  down  entirely  in  his 
hand.  In  another  case  a  vanning  shovel  showed  no  separation  when  tried  on 
a  zinc  product  containing  porous  zincite  and  ashes,  but  after  crushing  this  in 
a  mortar  a  good  separation  was  readily  obtained. 

The  taking  of  samples  which  shall  accurately  represent  what  passes  a  given 
point  in  the  mill  in  24  hours,  while  it  actually  is  taken  in  a  number  of  short 
intervals  amounting  to  only  a  few  minutes  altogether,  is  of  the  first  importance 
for  obtaining  data  on  which  comp«utations  can  be  based. 

§  899.  Testing  a  Sizing  Screen. — We  desire  to  know  whether  a  screen 
makes  oversize  free  from  undersize  and  undersize  free  from  oversize;  and  if 
not,  to  what  extent  it  errs.  To  test  it  we  must  take  samples  of  both  prod- 
ucts, dry  them  and  then  make  a  sizing  test  of  each  (see  §  293), 

Testing  a  Classifier. — ^A  single  pocket  of  a  classifier  turns  out  a  spigot 
product  and  an  overflow.  If  doing  its  work  properly  no  grains  should  go  out 
of  the  spigot  which  belong  in  the  overflow  and  conversely  none  should  go  of! 
in  the  overflow  which  belong  in  the  spigot;  no  classifier  does  perfect  work, 
but  some  are  much  more  nearly  perfect  than  others.  Most  classifiers  have 
four  spigots,  more  or  less,  and  therefore  yield  a  series  of  four  spigot  product >, 
more  or  less,  and  an  overflow.  They  are  less  inclined  to  err  by  throwing  t^.-o 
coarse  grains  into  later  spigots  than  by  throwing  too  fine  grains  into  earlier 
spigots.  To  test  the  work  of  a  classifier  careful  samples  of  all  its  products  shoiiM 
be  taken  and  tests  made  in  the  one  current  classifier  (see  Fig.  544).  Thtv 
may  each  be  subjected  to  the  single  current  which  the  particular  pocket  should 
have,  and  by  this  they  will  yield  spigot  product  and  overflow  showing  how  far 
they  differ  from  a  very  perfect  tool ;  or  they  may  be  subjected  to  a  series  of  cur- 
rents starting  at  a  small  current  and  going  to  larger  by  some  definite  multi- 
plier and  then  the  spigot  products  of  aU  the  different  currents  weighed  and 
sized  and  photographed  yield  to  computation  and  inspection  a  very  perff<:t 
statement  of  the  distribution  of  the  minerals.  For  a  similar  statement  in 
regard  to  hindered  settling  see  §  467.  Finally  the  several  products  may  l>e 
simply  sized,  inspected  or  assayed,  and  weighed  and  the  results  tabulated  (see 
§  352). 

§  900.  Testing  a  Jig. — ^The  jig  should  yield  tailings  free  from  concentrate?, 
and  hutch  or  discharge  concentrates  free  from  gangue.  Practically  neither  of 
these  results  is  obtained.  Jig  tailings  will  contain  included  grains  consisting  nf 
part  concentrates  and  part  gangue,  and  may  have  thin  flat  grains  of  concentrates 
and  also  fine  free  grains  of  concentrates.  The  included  grain  can  be  saved  only  bv 
finer  crushing.     The  fine  free  concentrates  may  be  due  to  poor  screening  (for 
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which  the  remedy  is  obvious),  or  they  may  be  due  to  attrition  of  the  mineral 
during  jigging.  Increa^^d  suction  on  the  jig  will  tend  to  send  these  fines  into  the 
hutch.  If  however  the  included  grains  are  present  in  such  quantity  as  to  require 
recrushing,  then  the  fine  free  mineral  will  take  care  of  itself  and  its  considera- 
tion loses  importance  at  this  point  Very  thin  flat  grains  can  be  saved  only  by 
rct^nishing. 

Jig  Bed  Inspection, — ^The  usual  mode  of  inspection  of  a  jig  bed  is  to  pick 
up  in  the  hand,  by  a  peculiar  movement,  some  of  the  bottom  layer  or  of  any 
intermediate  layer,  and  so  determine  the  condition  of  the  jigging  operation. 
If  a  horizontal  bit  of  screen,  wired  around  the  edge  to  stiffen  it,  be  provided 
with  a  vertical  wire  handle,  it  may  be  sunk  edgewise  down  to  the  jig  screen. 
If  after  the  jigging  has  recovered  from  the  disturbance  so  made,  a  glass  lamp 
chimney  is  slowly  lowered  on  the  little  screen  and  then  the  screen  and  chim- 
ney are  lifted  together,  a  complete  section  of  jigging  bed,  visible  to  the  eye, 
can  be  obtained  and  the  operator  can  see  if  his  bed  is  deeper  than  he  wished 
or  not  deep  enough,  and  how  much  of  a  middlings  layer  he  has.  On  account 
of  breaking  of  lamp  chimneys,  however,  this  is  more  of  an  occasional  or  show 
test  than  one  for  practical  every  day  mill  work.  The  skilled  jig  man  can  tell 
by  his  skimming  where  all  the  layers  are  with  great  accuracy. 

A  method  and  an  instrument  for  studying  the  action  of  jigs  is  discussed  in 
§  478. 

§  901.  Testing  a  Frue  Vanner. — Catch  a  set  of  samples  across  the  tail- 
ing discharge  and  assay  them  separately.  The  two  edges  will  be  found  richer 
than  the  rest  Catch  a  sample  of  the  whole  tailings  from  a  launder,  not  from 
the  tail  roll.  This  will  tell  the  true  total  loss  incurred  by  the  vanner.  If 
either  or  both  these  tests  show  too  great  a  loss,  it  may  be  caused  by  too  hard 
driving  or  by  too  thick  a  bed  upon  the  vanner.  The  former  can  be  corrected 
only  by  adding  more  machines;  the  latter  can  be  corrected  at  once,  either  by 
increasing  the  slope  or  by  increasing  the  amount  of  feed  water.  The  rate  of 
travel  will  probably  have  to  be  increased  at  the  same  time^  to  prevent  con- 
centrates going  into  the  tailings. 

The  testing  of  an  Embrey  or  other  end-shake  vanner  is  the  same,  but  it  will 
not  show  as  great  discrepancy  as  the  Frue  between  the  center  and  the  edges 
of  the  belt.  The  Embrey  will  probably  be  found  to  yield  slightly  cleaner  tail- 
ings than  the  Frue,  but  on  the  other  hand  it  puts  more  gangue  into  the  con- 
centrates. 

If  the  whole  tailings  sample  of  either  of  the  above  machines  be  classified  by 
the  beaker  settling  test  (see  §  868)  and  the  fine  stuff  separated  from  the  coarse, 
the  fine  will  gpnerally  assay  richer  than  the  coarse  part,  and  there  is  this  diflfer- 
ence  between  them:  The  fine  part  contains  free  concentrates  capable  of  be- 
ing concentrated  at  once  on  canvas  tables  if  they  are  rich  enough  and  in  quan- 
tity enough  to  pay.  The  coarse  part  on  the  other  hand  contains  a  few  large 
grains  that  have  gone  by  accident  into  the  tailings,  but  its  value  in  assay  comes 
mainly  from  included  and  flattened  grains  neither  of  which  are  quite  heavy  enough 
to  be  saved  in  the  heads  and  the  values  of  which  can  be  saved  only  by  extremely 
fine  crushing.  The  above  test  is  important  and  may  lead  to  a  material  addi- 
tion to  the  saving  made  by  the  mill.  A  complete  sizing  test  with  assays  com- 
puted in  tabular  form  is  also  a  very  instructive  test  to  make  (see  §  489). 

§  902.  Testing  a  Wilfley  or  Other  Jerking  Table. — It  is  quite  as 
important  here  as  with  a  vanner  to  subject  a  sample  of  tailings  to  the  beaker  set- 
tling test  (see  §  868).  With  an  ore  that  produces  rich  concentrates,  the  fin- 
est material  that  goes  into  the  tailings  of  a  Wilfley  table  is  very  likely  to  have 
a  high  assay;  and,  if  the  quantity  is  sufficient,  an  attempt  should  be  made  to  save 
it     In  the"  case  of  Wilfley  tables  which  have  been  added  to  Mill  27,  the  muddy 
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65.  Ibid.,    (1882),   p.   293.     J.   C.    F.   Randolph.     Description   of  a   stamping  and   pan 

amalgamation  plant  for  a  silver  ore  at  Batopilas,  ChihuaMia,  Mexico. 

66.  Tbid.,  Vol.  XI.,  (1882),  p.  20.     A.  W.  Rojrera.     Discussion  of  the  Colorado  system  of 

stamp  milling  as  compared  to  the  Californifl  system, 

67.  /6id.,  p.  91.     W.  L.  Austin.     Description  of  the  mills  and  process,  with  costs  of  mill- 

ing, at  Harshaw  and  Charleston  silver  mills,  Arizona. 

68.  Ibid.,  Vol.  XIII.,   (1884).  p.  .3.5.     A.  F.  Wendt.     Description  of  crushing  and  ji^ring 

plant  for  iron  ore  at  Crown  Point  mines.  New"* York. 

69.  Ibid,,  (1885),  p.  659.    W.  I.  Pierce.    Figures  on  cost  of  gold  milling  in  Nova  Seotia. 
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70.  Ihid.,  p.  679.    W.  McDermott.     Resulte  of  concentration  and  pan  amalgamation  of 

a  low  grade  silver  ore. 

71.  Ibid.,  Vol.  XV.,   (1887),  p.  601.     J.  A.  Church.     Description  of  mill  at  Tombstone, 

Arizona,  for  concentrating  the  tailings  from  pan  amalgamation  of  silver  ores,  and 
results  obtained. 

72.  Ibid.,  Vol.  XVI.,    (1887),  p.  38.     W.  P.  Blake.     Discussion  of  the  profit  in  silver 

milling  at  Butte,  Montana. 

73.  tbid.,  p.  190.    J.  Birkinbine.     Cost  of  milling  Lake  Superior  native  copper  ores. 

74.  Ibid.,  pp.  368,  486.    E.  Daggett.     Details  of  the  testing  of  silver  ores  by  the  Russell 

leacning  process.     Comparison  of  results  obtained  by  amalgamation  and  by  the 
Russell  leaching  process  for  silver  ores. 

75.  Ibid.,  p.  609.     F.  8.  Ruttmann.    Outline  of  crushing  and  jigging  plant  for  magnetite 

at  Lyon  Mountain,  New  York. 

76.  Ibul.,  p.  753.    T.  A.  Blake.     Outline  of  plant  at  the  Haile  Gold  Mine,  North  Caro- 

lina, and  the  Chateaugay  Ore  and  Iron  Company,  New  York,  with  costs  of  milling. 

77.  Ibid.,  Vol.  XVII.,   (1889),  p.  498.     H.  O.  Hofman.     General  article  on  gold  stamp 

mills  in  the  Black  Hills,  South  Dakota,  with  results  obtained. 

78.  Ibid,,  p.  603.    R.  A.  Cook.    Outline  of  a  magnetic  plant  at  Dannemora,  Sweden. 

79.  Ibid.,  p.  659.    H.  S.  Munroe.    Description  of  the  St.  Joseph  Lead  Company's  mill,  at 

Bonne  Terre,  Missouri,  with  results  obtained  and  costs  of  treatment. 

80.  Ibid.,  p.  728.    J.  Birkinbine.     General  article  on  the  methods  of  concentrating  iron 

ores  with  special  reference  to  the  results  obtained  by  magnetic  concentration. 

81.  Ibid.,  Vol.  XVIll.,   (1889),  p.  242.     C.  W.  Goodaie.     Results  obtained  and  cosU  in 

a  combination  silver  mill  at  Black  Pine.  Montana. 

82.  Ibid ,  p.  263.    J.  M.  Desloge.    Outline  of  the  Desloge  mill  for  lead  ores  in  Missouri. 

83.  Ibid.,  p.  391.    S.  F.  Emmons.    A  few  notes  on  gold  stamp  mills  in  Maryland. 

84.  Ibid.,  p.  439.    F.  C.  Smith.    Poor  results  from  stamping,  amalgamating  and  concen- 

trating a  telluride  ore. 

85.  Ibid.,  Vol.  XIX.,  (1890),  p.  62.    J.  C.  Fowle.     Description  of  the  magnetic  plant  at 

the  Michigamme  mine.  Lake  Superior,  and  results  obtained. 

86.  Ibid.,  p.  71.    F.  H.  McDowell.     Description  of  the  Tilly  Foster  magnetic  plant,  New 

Vork,  with  results  obtained  and  costs. 

87.  Ibid.,  p.  193.     C.  M.  Ball.     Results  of  tests  with  the  Ball-Norton  electromagnetic 

separator. 

88.  Ibid.,  p.  195.    A.  D.  Hodges,  Jr.    History  of  silver  milling  on  Comstock  lode. 

89.  Ibid.,  p.  289.    Clemens  Jones.    Figures  on  the  cost  of  roasting  and  magnetic  separa- 

tion of  iron  ores. 

00.  Ibid.,  p.  606.  A.  Thies  and  W.  B.  Phillips.  Description  of  gold  stamp  mill  at  the 
Haile  Gold  mine.  North  Carolina. 

Ul.  Ibid.,  p.  666.  J.  Birkinbine.  Short  summary  of  several  magnetic  plants  and  dis- 
cussion of  the  existing  condition  of  magnetic  concentration. 

92.  Ibid.,  Vol.  XX.,  (1891),  p.  160.  R.  W.  Raymond.  Discussion  of  need  pf  careful 
sampling  in  testing  mills. 

03.  /bt^  p.  575.  Various  people.  Discussion  of  the  question  of  magnetic  concentration, 
and  separation  by  use  of  heavy  solutions. 

94-  Ibid.,  p.  602.  W.  H.  Hoffman.  Cost  of  magnetic  concentration  at  the  Croton  mines, 
New  York. 

95.  Ibid.,   Vol.   XXI.,    (1892),   p.   20.     C.   Henrich.     Description  and   criticism   of   the 

blende  dressing  methods  at  Webb  City,  Missouri. 

96.  fbid.,  p.  548.     J.  Birkinbine.     Details  of  the  cost  of  milling  at  the  Atlantic  mill. 

Lake  Superior. 

97.  Ibid.,  Vol.  XXII.,  (1893),  pp.  225,  699.    O.  Bilharz.    Discussion  of  Rittinger's  prin- 

ciples  of  ore  dressing  and  of  the  arrangement  of  mills. 

98.  Ibid.,  pp.  321,  647.     Jas.  Douglas.     Discussion  of  American  improvements  in  ore 

dressing. 

99.  Ibid.,  Vol.  XXIII.,  (1893),  pp.  137,  645.    T.  A.  Rickard.    Discussion  of  the  Colorado 

veraiia  the  California  system  of  stamp  milling. 

100.  Ibid.,  Vol.   XXIV.,    (1894),  p.   34.     G.  R.  Johnson.     Results  obtained   in  washing 

iron  ore  with  a  log  washer  at  Longdate.  Virginia. 

101.  Tbid.,  pp.  208-220.    E.  R.  Abadie.     Description  of  the  North  Star  gold  stamp  mill  at 

Grass  Valley.  California,  with  results  obtained  and  ooj»t8. 

102.  Ibid.,  p.  409.     R.  H.  Richards.     Dencnption  of  testinjr  sievos,  testing  claHsifier,  pul- 

sion-jig  and   movable-sieve  jiff. 

103.  Ibid.\  p.  486.     P.  G.  Lidner.     The  condition  of  ore  dressing  in  Sweden  and  descrip- 

tion of  a  few  plants. 

104.  fbid..  Vol.  XXV..    (1895),  p.    130.     W.  R.  Morse.     Short  description  of  an  Arizona 

gold  stamp  mill  with  weights  and  assays  of  products. 
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105.  Ibid,,  p.  399.    W.  B.  Phillips.     Some  figures  on  the  cost  of  roasting  and  magnetic 

separation  of  iron  ore. 

106.  Ibid,    p    661.     H.  S.  Chase.     Some  figures  on  the  cost  of  magnetic  separation  of 

Cranberry  magnetite  in  Morth  Carolina. 

107.  Ibid.,  p.  638.     C.  M.  Ball.     Equations  for  calculating  the  efficiency  of  concentration 

when  various  data  are  known. 

108.  Ibid,    p.  902.    J.  V.  Lewis.     Description  of  the  cleaning  and  dressing  of  corundum 

at  Corundum  Hill,  North  Carolina,  followed  by  a  list  of  the  literature  on  the 
subject. 

109.  Ibid^  1?'^\    T.  A.  Rickard.     Comparison  of  stemp  mill  practice  in  the  Black  HilU. 

bouth  Dakote,  and  at  Grass  Valley,  California,  with  regard  to  location  and  num- 
ber  of  stamps,  comparison  of  typical  mills,  consumption  of  mercury,  labor  cosU. 
and  total  cost  of  milling. 

110.  /6td.,  Vol.  XXVI.,   (1896),  p.  3.     R.  H.  Richards.    Description  of  an  apparatus  for 

testing  a  jig  in  operation.  ^'^ 

^^^'  ^^  MirP;  T^uJiA/^'i^f^^'^A  ^^'^"^  ""^  ^^"^  ^^^^  «^"P  ™i"  *t  *!>«  Smuggler  Union 
l^rin  S  and  8^^^^^^^^^  ''  ^''*^''  "''"^  ""''''  ^^^  '^°^'  largi  resultant 

112.  Ibid.,  p  699.  C.  W.  Goodale.  An  article  on  the  concentration  of  ores  at  Butte 
Hiff^iS«?'  ir*?^  ft?aly«8  of  ores  treated,  full  outlines  of  the  mill  schemes  at  the 
different  plants,  figures  showing  losses  in  jig  tailings,  costs  of  milling  com- 
parative work  of  Frue  vanners  and  circular  tfbles,  and  resulU  of  the  c^;si^^. 
tion  of  shmes  for  vanner  treatment.  *-*«»j»*u«i 

^^afkJ'inhY^^i'    (i«»7>'  P-  76.     R.  H.  Richards.     Gives  description  of  a  small 
114    Ih^    v^    Y^lrn?^^^^^^^^         *  rectangular  glass  slime  table  for  testing. 

the  .nM  -t^"^'  M^^^^'.P-  ^^^-   u^-  ^-  ^""«-     A  ^^^  d«^i»^d  dfscription  of 
JJ^Lfi  *^^°'P^°''".P''*''^'^^  **  ^^^  Utica  Mills,  Calaveras  County,  California 

lie     w    .^*^®  ^^^^  "®®^  *"^  ^8t  Of  milling.  ^'    ^»iiiurm«. 

115.  Ibtd    Vol   XXX     (1900)    p   421.    T.  M.  Chaterd  and  Cabell  Whitehead.    The  effect 

^^^    ^  ^^^^^^J^ZS:^^  -  ^^^  -^^^^°«  o^  ^^^-  ^-  the 

11?*  M?^'  ^^ni'  Tvf  ^^^?^^^^u  ^^^  ^^^««^°&  «*  i^«^  o'«  i«»  Spain. 

18'  /h^'  M«;  wVqS;!.'*"-  ,2?*^  ?:^  *^"**°«  P^^'^t  °^  t^«  University  of  MinnesoU. 

no"  FK^'  ¥Y  o'n^l®,®o^^'  P-  ^^7.    Wet  concentration  of  iron  ores. 

20   /ftl^'  Fpi^  f«'  //lo/?'  P-o^o^o     Pj:-P^r-tion  of  iron  ore  in  Spain. 

2?'  Ib^"  Ma;    2i    n«ni;  P-  l^n^    ^.^'  concentration  of  Alabama  iron  ores. 
199    /S!^*'   A        ??'   1^!«1  '  P-  ^^^-     Concentration  of  Lake  Superior  copper  ore«, 

23*  76  d"  Nof-  I^V/fioff^'  P«4^3-„M*^"«^1  handled  to  obtaiS  iron  orT 
lof  -^^''^^^o^-  2,   (1894),  p.  632.     Preparation  of  spathic  iron  ores. 
124.  Am.  8oc.  Mech.  Eng.,  Vol.  XV.,  (1894),  p.  204.     F.  W.  Taylor     Article  on  belta  di^ 
125   AnT77,^^T''  ^'^'^  ^"^  "^'^"i^'  ^^  «?"^i°S'  ^^-     Res^te  of  teste  **  ^''' 

"""'  ^^Vof^grp'hltr-fotr^^^^^^         ^^^^^^-^   ^^««^^'  P-  ^^-     ^-  ^^^-    ^he  wash. 
126.  ^"^I'^Jines    Series  VI.,  Vol.  XIX,   (1871).  p.  294.     A.  Henrv.     Long  ^iele  on 

134.  Auair.  Min.  Standard,  Nov.  30,   (1895)    n'  64S      Nn  o»fi,«^      xt  i. 

and  construction  of  mills.        ^'^•'^''  P'  «*'^-     ^^  author.     Notes  on  the  location 
136.  Berg.  u.  Hutt.  Jahrb.,  Vol.  XXVI      n87fi^    t>    177      t    rr  u  ^ 

the  proposed  cru.hi^ig  plant  to  rep/a^'f^„%VtPrribS«^""'"°-    ^«^P«°«  «" 
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136.  Ibid,,  Vol.  XXVII.,  (1879),  p.  96.    J.  Habermann.    Description  of  proposed  concen- 

tration mill  for  lead  ores  at  Przibram  with  figures  on  capacity,  power,  cost,  and 
products. 

137.  Ibid,,  Vol.  XXVIII.,   (1880),  p.  213.    J.  Habermann.    Description  of  a  concentrating 

plant  with  graded  crushing. 

138.  Ibid.,  Vol.  XXX.,   (1882),  p.  14.     J.  Habermann.     Description  of  the  Stefan  wash- 

ing, crushing,  and  stamp  mill  in  Przibram  with  figures  on  water  and  power. 

139.  Ibid.,  Vol;  XXXI.,   (1883),  p.  137.     K.  V.  Reytt.     Discussion  of  the  relative  merits 

of  the  various  machines  in  mills. 

140.  Ibid.,  Vol.  XXXIII.,   (1885),  p.  148.     J.  Habermann.     Description  of  the  ore  dress- 

ing plant  at  Raibl  with  power  and  water  required. 

141.  Ibid.,  Vol.  XXXIV.,   (1886),  p.  284.     J.  Habermann.     Outline  of  the  trommel  and 

jig  plant  at  the  Anna  mill  in  Przibram. 

142.  Ibid.,  Vol.  XXXVII.,   (1889),  p.  95.     A.  Pallausch.     Notes  on  graphite  dressing  in 

southern  Bohemia. 

143.  Ibid.,  Vol.  XLVI.,   (1898),  p.  367.     C.  BlSmeke.     Discussion  of  the  progress  in  ore 

dressing.  Contains  outlines  of  the  mills  at  Silberau,  Laurenburg  and  Clausthal 
with  discussion  and  figures  with  regard  to  power  and  cost.  Discussion  of  dry 
and  wet  dressing,  magnetic  dressing  and  the  dressing  of  gold  ores. 

144.  Berg,  u.  Hutt.  Zeit.,  Vol.  XXlll.,   (1864),  p.  361.     R.  Geyer.     Description  of  plant 

for  concentrating  lead  and  silver  ores  at  Silberau  near  Bad-Ems  in  Prussia. 

145.  Ibid.,  Vol.  XXIX.,   (1870),  pp.  117,  159,  167,  201,  227.     E.  Heberle.     Description  of 

ore  dressing  works  at  Falun,  Sweden,  and  results  obtained. 

146.  Ibid.,  pp.  305,  365,  395.    A.  Reichenecker.    Results  of  dressing  gold  ores  in  Colorado 

and  costs. 

147.  Ibid.,  Vol.  XXXI.,  (1872),  pp.  73,  101.  117,  136.     Vol.  XXXII.,   (1873),  p.  126.     C. 

Blomeke.     Details  of  some  of  the  apparatus  in  several  German  mills. 

148.  Ibid.,  Vol.  XXXI.,    (1872),  pp.  145,  169,  239.     Vol.  XXXII.,    (1873),  pp.   112,   156, 

166.     M.  G.  Clerc.     General  theory  of  separation  with  especial  reference  to  the 
different  methods  of  jigging. 
140.  Ibid.,  Vol.  XXXI.,   (1872),  pp.  357,  373,  408,  421,  436,  445.     E.  Heberle.     Full  de- 
scription of  new  ore  dressing  works  at   Falun,   Sweden,   giving  also   the   labor 
required  and  results  obtained. 

150.  Ibid.,  Vol.  XXXllI.,   (1874),  pp.  399,  409.     C.  B15meke.     Description  of  new  plant 

for  concentrating  lead  and  zinc  ores  at  the  Perm  mine  in  Westphalia. 

151.  Ibid.,  Vol.  XXXIV.,   (1875),  p.  365.     C.  Bldmeke.     Description  of  a  proposed  plant 

for  concentrating  zinc  and  lead  ores  using  a  fiat  site. 

152.  Ibid.,  Vol.  XXXVII.,    (1878),  p.  217.     O.  Lattes.     A  very  brief  description  of  the 

ore  dressing  works  at  Przibram,  Bohemia,  giving  the  capacity,  power,  cost,  and 
analyses  of  products. 

153.  Ibid.,  Vol.  XLI.,   (1882),  pp.  29,  37,  49.     C.  Blomeke.     Description  of  ore  dressing 

works  at  Clausthal  and  results  obtained. 

154.  Ibid.,  p.   141.     C.   BlOmeke.     Description  of  ore  dressing  works  at  Laurenburg  in 

Prussia. 

155.  Ibid.,  p.  217.     C.  BlSmeke.     Description  of  ore  dressing  works  at  Lintorf. 

156.  Ibid.,  pp.  289,  336,  345.     C.  Blomeke.     Description  of  ore  dressing  plant  at  Bad-Emg 

in  Prussia. 

157.  Ibid.,  Vol.  XLIV.,   (1885),  p.  4.     E.  Koch.     Description  of  the  Gottesgabe  and  Ham- 

merw&sche  mills  in  Westphalia,  with  capacities. 

158.  Ibid.,  pp.   137,   145,  157.     C.   Blomeke.     Discussion  of  the  treatment  of  slimes  and 

results  obtained  at  the  HimmelfUrst-Fund  mine  at  Przibram. 

159.  Ibid.,  p.  503.     C.  BISmeke.     Description  of  ore  dressing  plant  at  Beuthen  in  upper 

Silesia,  and  results  obtained. 

160.  Ibid.,  Vol.   XLVIII.,    (1889),  p.   77.     C.  Wagemann.     Description  of  concentration 

plant  for  tin  ore  at  Ploermel,  France. 

161.  Ibid.,  Vol.   XLIX.,    (1890),   p.   269.     Th.   Andr§e.     Short  note  on  the  dressing  of 

graphite  in  Austria  and  Bavaria. 

162.  Ibid.,  p.  423.     H.  Wedding.     Description  of  a  dry  concentrating  mill  for  Thomas 

slag. 

163.  Ibid.,  Vol.  L.,    (1891),  p.  229.     C.  Blttmeke.     Description  of  the  Himmelfahrt  ore 

dressing  plant  at  Freiberg,  Saxon  v. 

164.  Ibid.,  Vol.  Lin.,    (1804),  pp.   142.  167.     C.  Blftmeke.     Description  of  the  Dornberp: 

and  Aurora  concentrating  plant  at  Rnmsbeck  in  Westphalia  with  rrsiilta  obtained. 
16.5.  Ibid.,   Vol.   LIV.,    (1895),   p.   373.     R.   Rosenlecher.      Description   of   the   method   of 

dressing  quicksilver  ores  in  Tuscany  by  use  of  trommel,  hand  jig,  hand  picking 

and  tie. 
166.  Ibid.,  Vol.  LVT.,    (1897),  p.  366.     B.  Knochenhauer.     Figures  on  costs,  losses  and 

labor  required  is  California  gold  mills. 
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167.  Bull,  8oc,  Ind.  Min.,  Series  II.,  Vol.  XIV.,   (1885),  p.  809.     Mr.  Simonnet  and  Mr. 

Chaunieis.     General  description  of  the  American  gold  stamp  milling  system  with 
results. 

168.  /bid.,  Series  III.,  Vol.  IV.,   (1890),  p.  915.     Mr.  Gayet.     Description  of  treatment 

of  argentiferous  galena  ores  at  the  mill  at  Villefort,  Lozere.  France. 

169.  Ibid.,  Vol.  VII.,    (1893),  pp.  465-485.     G.  Gromier.     Description  of  the  process  of 

treating  spathic  iron  ore  at  AUevard,  France,  by  roasting,  jigging  and  magnetic 
treatment. 

170.  Ibid,,  Vol.  VIII.,   (1894),  p.  527.     Ch.  Mouchet.     Description  of  the  Vaucron,  Var, 

France,  mill  for  galena  blende  ores  with  results  obtained. 

171.  Cat.  Bull.y  (1895),  No.  6.     E.  B.  Preston.    A  few  notes  on  the  construction  and  run- 

ning of  mills;  outline  of  several  California  gold  stamp  mills  and  specifications 
for  a  40-stanip  gold  mill;  the  testing  of  a  gold  mill. 

172.  Ibid,,   (1900),  No.  18.     W.  U.  Storms.     Brief  description  of  several  California  gold 

mills. 

173.  Cat.  Rep.,  Vol.  VIII.,   (1888),  p.  696.    J.  H.  Hammond.     Costs  of  gold  stamp  mill- 

ing and  specifications  for  a  40-stamp  gold  mill. 
Many  figures  on  cost  of  gold  stamp  milling  will  be  found  scattered  through  the  different 
volumes  of  the  Cal.  Rep, 

174.  Can,  Min,  Inst,,  Vol.  I.,  Part  I.,   (1896),  p.  21.     F.  Hille.     Discussion  of  the  losses 

in  gold  stamp  mills  and  description  of  a  proposed  plant  for  decreasing  the  losses. 

175.  Ibid.,  Vol.  II.,    (1897),  p.  273.     H.  N.  Thompson.     Description  of  the  dressing  of 

asbestos  at  Thetford,  Quebec. 

176.  Ibid.,  Vol.  II.,  Part  I.,  (1899),  p.  28.    A.  C.  McCallum.    Discussion  of  rolls,  crushers 

and  mortars  from  the  point  of  view  of  the  designer. 

177.  Ibid.,  Vol.  111.,   (1900),  p.  37.     J.  E.  Hardman.     Method  of  keeping  accounts  and 

reckoning  costs,  with  various  forms  for  illustration. 

178.  Ibid.,  p.    102.     F.   T.   Snyder.     Discussion   of  original   cost   and   resultant   returns 

taking  vanners  as  a  specific  case.     Description  of  a  modified  micrometer  gauge 
for  measuring  ore  grains. 

179.  Ibid.,  Vol.  IV.,   (1901),  p.  254.     W.  M.  Edwards.     Description  of  the  Helena  and 

Frisco  mill  in  Idaho. 

180.  Can.  Min.  Rev.,  Vol.  XIV.,   (1895),  p.  169.     F.  Hille.     Discussion  of  the  losses  in 

concentrating  zinc  lead  sulphides. 

181.  Ibid.,  p.  182.     Same  as  Ant.  Inst.  Min.  Eng.,  Vol.  XXV..  p.  130. 

182.  Ibid.,  Vol.  XV.,    (1896),  p.  37.     No  author.     Short  description  of  the  Lake  Harold 

gold  stamp  mill  in  the  Rainy  River  district,  Ontario. 

183.  Ibid.,  Vol.  XVI.,   (1897),  p.  126.     H,  N.  Thompson.     Same  as  Can.  Min.  Insi.,  VoL 

II.,   (1897),  p.  273. 

184.  Ibid.,  Vol.  XVII.,  (1898),  p.  270.     H.  A.  Guess.    Comparison  of  the  results  obtained 

by  a  laboratory  amalgamator  with  those  obtained  in  actual  milling,  showing  a 
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APPENDIX. 

TABLES  AND  OTHER  USEFUL  INFORMATION. 

BQUITALBNTB    of   WBIOHTS    and    MBA8UBB8.* 

Length, 

1  mile  =  6,280  feet,  =  1609.31  meters. 

1  foot  =  12  Inches,  =  0.80479  meter. 

I  Inch  =r  2B.8995  mllUmetera. 

1  kilometer  =  1000  meters,  =  0.62188  mile. 

1  meter  =  100  centimeters,  =  S.280899  feet.  =  89.870790  Incbea 

1  centimeter  =  10  millimeters,  =  0.898708  inch. 

1  mUUmeter  =  0.039871  Inch. 

Surface. 

1  SQUAre  yard  =  9  square  feet,  =  0.88610  square  meter. 

1  square  foot  =  144  square  Inches,  =  9.2900  square  decimeters,  =  929.00  square  centimeters. 

1  square  Inch  s=  6.4514  square  centimeters. 

1  square  meter  =  100  square  decimeters,  =  10.764  squan$  feet. 

1  square  decimeter  =  100  square  centimeters,  =  0.10764  square  foot,  =  15.501  square  Inches* 

1  square  centimeter  =  100  square  millimeters,  =  0.16501  square  Inch. 

1  square  millimeter  =  0.001550  square  Inch. 

Volume. 

1  cubic  yard  ==  27  cubic  feet,  =  0.76451  cubic  meter,  =  201.97  nllons. 

1  cubic  foot  =  1728  cubic  Inches,  =  0.028815  cubic  meter,  =  7.4806  gallons,  =  28.8168  liters, 

=  29.922  quarts. 
1  cubic  Inch  =  0.017816  quart,  =16.886  cubic  centimeters. 

1  gallon  =  4  quarts,  =  0.18868  cubic  foot,  =  281.0000  cubic  Inches,  =  8.7852  liters. 
1  quart  =  2  pints,  =  67.7500  cubic  Inches,  =  0.94630  liter,  =  946.80  cubic  centimeters. 
1  cubic  meter  =  1000  liters,  =  1.8080  cubic  yards,  =  85.817  cubic  feet,  «=  264.19  gallons. 
1  liter  or  1  cubic  decimeter  =  1000  cubic  centimeters,  =  0.085817  cubic  foot,  =  61.027  cubic  Inches, 

=  0.26419  gallon,  =  1.0567  quarts. 
1  cubic  centimeter  =  0.061027  cubic  inch. 

Weiohi. 

1  ton  =  2000  pounds  ardp.,  =  907.19  Kilos.    This  Is  the  ton  used  throughout  this  book  unless 

otherwise  specified. 
1  long  ton  =  2240  pounds  avdp.,  =  1016.06  kilos. 

1  pound  aTolrdupols  =  16  ounces  avdp.,  =  0.45859  kilo,  =  7000  grains,  =  1.2158  pounds  troy. 
1  pound  troy  =  5760  grains.  =  0.82286  pound  aydp.,  =  12  ounces  troy,  =  0.87824  kilo. 
1  ounce  aroirdupols  =  487.50  grains,  =  28.8496  grams,  =  0.91146  ounce  troy. 
1  ounce  troy  =  480  grains,  =  20  pennyweights,  =  81.1086  mms,  =  1.0971  ounces  STdp.     The  troy 


1  ounce  aroirdupols  =  487.60  grains,  =  28.8496  grams,  =  0.91146  ounce  troy. 

'  oy  =  480  grains,  =  20  pennyweights,  =  81.1086  fframs,  =  1.0971  ounce -. 

ounce  and  pound  are  us^d  only  for  gold  and  sllTer  and  other  precious  metals. 

1  grain  =  64.799  milligrams. 

1  metric  ton  =  1000  klTos,  =  2204.62  pounds  aydp.,  =  1.1028  tons,  s  0.98421  long  tons. 

1  kilo  or  kllo«ram  =  1000  grams,  =  2.2046  pounds  avdp. 

1  gram  =  0.086274  ounce  avdp.,  =  0.082151  ounce  troy,  =  16.48286  grains,  =  1000  milligrams. 

1  milligram  =  0.016482  grain. 

Water. 

Nora. — ^These  figures  are  all  for  water  at  Its  maximum  density,  that  is,  at  a  temperature  of 
89.2*  Fahrenheit. 

1  cubic  foot  of  water  =  62.426  pounds.  =  28.8168  kilos. 
I  cubic  Inch  of  water  =  0.086125  pound,  =  252.88  grains,  =  16.886  grams. 
1  ton  of  water  =  82.088  cubic  feet,  =  289.665  gallons. 

1  pound  of  water  =  0.016019  cubic  foot,  =  0.47988  quart,  s  27.681  cubic  Inches,  =  0.46869  liter. 
1  gallon  of  water  =  8.8448  pounds. 
1  cubic  meter  of  water  s=  2204.6  pounds. 

1  kilo  of  water  or  1  liter  s  2.2046  pounds,  =  0.085317  cubic  foot,  =  61.027  cubic  Inches,  =  1.0567 
quarts. 

•Taken  from  C.  Herlng.    Table  of  Equivalents  of  Units  of  Measurement. 
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1  cubic  centimeter  of  water  =  1  gram,  =  15.432  grains 

Sea  water  averages  1.028  times  as  heavy  as  pure  water  and  it  contains  about  3.44%  of  solids 
(of  which  2.5  %  is  sodium  chloride).  ^ 

The  water  of  Great  Salt  Lake.  Utah,  is  1.170  times  as  heavy  as  pure  water  and  oontaUw  22.42% 
of  solids. 

Dead  Sea  water  is  1.172  times  as  heavy  as  pure  wat^r. 

Power. 

1  horse  power  =  33000  foot  pounds  per  minute,  =  4662.83  kilogram-meters  per  minute,  =  0.745941 

kilowatt,  =  1.01385  metric  horse  power. 
1  metric  horse  power  =  32540.0  foot  nounds  per  minute,  =  4500  kilogram-meters  per  minate,  = 

0.735750  kilowatt,  =  0.08634  horse  power. 

Prtnurt. 

X  atmosphere  =  760  millimeters  or  29.922  Inches  of  mercury  column,  =  10.333  meters  or  33.^1 
feet  of  water  column,  =  14.696  pounds  per  square  inch,  =  1.0333  kilos  per  sqoars 
centimeter. 

1  iMund  per  square  Inch,  =  0.070310  kilo  per  square  centimeter. 

1  kilo  per  square  centimeter  =  14.223  pounds  per  square  inch. 

TABLS  401. ^ATOMIC  WBIOHTS.* 


Aluminum    Al  27.1 

Antimony    Sb  120.2 

Argon     A  39.0 

Arsenic    As  75.0 

Barium    Ba  137.4 

Bismuth     Bi  208.5 

Boron    B  11 

Bromine    Br  79.96 

Cadmium    Cd  112.4 

Cesium    Cs  133 

Calcium    Ca  40.1 

Carbon     C  12.00 

Cerium     Ce  140 

Chlorine    CI  35.45 

Chromium    Cr  52.1 

Cobalt    Co  59.0 

Columbium 

(Niobium)    Cb  94 

Copper    Cu  63.6 

Brblum    B  166 

Fluorine    F  19 

Gladolinlum    Gd  156 

Gallium     Ga  70 

Germanium    Ge  72.5 

Glucinum 

(Beryllium)   Gl  9.1 

Gold    Au  197.2 

Helium    He  4 

Hydrogen    H  1.008 

Indium   In  114 

Iodine    I  126.85 

Iridium    Ir  193.0 

Iron    Fe  55.9 

Krypton    K  81.8 

Lanthanum    La  138.9 

Lead    Pb  206.9 

Lithium    Li  7.03 

Magnesium    Mg  24.36 

Manganese    Mn  55.0 

Mercury Hg  200.0     , 


Molybdenum    Mo  96.0 

Neodymium    Ne  143.6 

Neon    20 

Nickel    Ni  68.7 

Nitrogen    N  14.04 

Osmium    Os  191 

Oxygen     O  16.00 

Palladium    Pd  106.5 

Phosphorus   P  31.6 

Platinum   Pt  194.8 

Potassium     K  39.15 

Praseodymium    Pr  140.5 

Radium    Ra  225 

Rhodium   Rh  103.0 

Rubidium    Rb  85.4 

Ruthenium     Rn  101.7 

Samarium   Sm  150 

Scandium    Sc  44.1 

Selenium    Se  79.2 

Silicon     Si  28.4 

Sliver Ag  107.93 

Sodium    Na  23.05 

Strontium    Sr  87.6 

Sulphur    S  32.06 

Tantalum    Ta  183 

Tellurium    Te  127.6 

Terbium Tb  160 

Thallium    Tl  204.1 

Thorium    Th  232 JS 

Thulium    Tm  171 

Tin    8n  119.0 

Titanium    Ti  4ai 

Tungsten    W  184.0 

Uranium    U  238.5 

Vanadium    V  51.2 

Xenon    X  128 

Ytterbium    Yb  173.0 

Yttrium   Yt  89.0 

Zinc     Zn  65.4 

Zirconium    Zr  90.6 


*  Based  on  Oxygen  as  16.00.     From  the  report  of  the  International  Committee  for  1902. 


TABLE   402. — ^SPBCIFIC  GRAVITIES   OF  MINSBaLS   AND   COMMON    MKTAL8.* 


Specific  gravity. 

Aikinlte,   3(Pb,Cut)S.BitS«....  6.1    —6.8 

Albertite    1.097 

Alblte.   NaAlSlaOi 2.62  —  2.65 

Aluminum,  Al    2.60 

Amalgam,  AgaHgt 13.75  — 14.1 

Amphibole   RRSiOt 2.9    —  8.4 

Analcite,   NaAlSljO.+H.0 2.22  —  2.29 

Andaluslte,  AUSiOu 3.16  —  3.20 

Andeslne,  nNaAlSiaOa. 

mCaAl.SUO. 2.68  —  2.69 

Ansrteslte.    Pba04 6.12  —  6.39 

Anhydrite,    CaS04 2.899 —  2985 

Ankerlte  CaC08.(Mg,Fe,Mn)C0.  2.95  —  3.1 


*  Specific  grsTl^. 

Anorthlte,    CaAUSisOi 2.74  —  2.76 

Anthracite    1.32  —  1.7 

Antimony,  Sb 6.71 

Apatite,    8Ca.P,0»+CaF«.CaCI«.  3.17  —  S.23 
Apophyllite,      HrKCa*  ( SlOs)  •+ 

4ftHiO    2.8     —  2.4 

Aragonlte,   CaCO. 2.93  —  2.95 

Argentlte.  Ag,S 7.20  —  7.86 

Arsenic,  As 5.73 

Arsenollte,  AstOa 8.70  —  S.72 

Arsenopyrlte,  FeAsS 5.0    — 6.2 

Asphaltnm    1.0    —  1.8 

Atacamlte.  CuCIa.8Cu(OH)«. . .  S.75  —  3.77 

A.UU    —    o.x 
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Specific  rravlty. 

Axlnlte,   HR«BAls(SiO«).   3.271 

Aauxlte,   Cu.(OH)i(CO.), 3.77  —  3.83 

Barlte.    Ba&0« 4,8     —4.6 

Uarnhardtlte.   Cu«FeaSB? 4.52 

Baaxits;,    AlaOt2HaO 2.56 

Berthlerlte,  FeSb,S« 4.0     —  4.3 

Beryl,     Be.AUSUOi. 2.63  —  2.80 

Biotite,   From    (H.K)a(Mg,Fe)« 

(Al.Fe)iSUOi«     to        (H,K)« 

(Mg,Fe)»AlaSl.Oi,    2.7     —  3.1 

Bismuth,  Bi 9.8 

Bismutiiinite,    BJaSs 6.4     —  6.5 

Bituminous   Coal    1.14  —  1.4 

Boruite,    CuaFeS. 4.9     —  5.4 

Bonmonite,  3(Cui,Pb)S.SbsSt..  5.7     —  5.9 

Bromyrite,    AgBr 5.8     —  6.0 

Brookite,  TiO, 3.87  —  4.01 

Brown  Coal   1.15  —  1.3 

Bruclte.  Mg(OH), 2.38  —  2.40 

Cadmium,  Cd 8.60 

Calamine.    HiZnaSlO* 3.40  —  3.50 

Calclte,  CaCOt 2.713 

Cassiterite,   SnOa 6.8     —  7. J 

Cast    Iron 7.03  —  7.73 

Celestite.    SrS04 3.95  —  3.97 

Cerargyrite,  AgCl 5.55 

Cemssite.    PbCO. 6.46  —  6.574 

Chabazite,     (Nas,Ca)AlaSi«Ots+ 

6H,0     2.08  —  2.16 

rhalcoclte,    Cu,S 5.5     —5.8 

i^halcopyrlte.   CuFeSj 4.1     —  4.3 

Chondrodite.  Ha(Mg,Fe)iiSi80a« 

Chromite.*  FeCr,'6«  .*.*.*.'. '. '. '. '. '. '. '.  4.32  —  4!57 

Chromium.    Cr 6.60 

Chrysoberyl,  BeAlaO« 3.6     —  3.84 

Chrysocolla,   CuSiOa+2HaO 2.0     —  2.238 

Chrysolite,    (Mg,Fe)aSIO« 3.27  —  3.37 

Cinnabar,    HgS 8.0    —  8.2 

Cllnochlore.    UsMgaAIaSiaOia. ..  2.65  —  2.78 

Cobalt,  Co 8.6 

Cobaltite,  CoAsS 6.0     —  6.3 

Colnmbite.    (Fe.Mn) /Nb,Ta)aO«  5.3     —  7.3 

Copper,  Cu,  Native 8.8     —  8.9 

Copper,   Cu,   Pure 8.92 

Corundum,    AUO. 3.95  —  4.10 

Crocoite.    PbCrOi 5.9     —  6.1 

Cryolite,    NaaAlF. 2.95  —  3.0 

Cuprite,    CuaO 6.85  —  6.15 

Cyanlte,   AlaSlO* 356  —  3.67 

Datollte,    HCaBSlOa 2.9     —  3.0 

Diamond,    C 3.516 —  3.525 

Dlaspore,    AlxOa.HaO 3.3     —  3.5 

Dolomite,    (Ca,Mg)COa 2.8     —  2.9 

Domeyklte,  CuaAs 7.2     —  7.75 

Electrum,    mAunAg 15.6    — 19.3 

Enarglte,    CuaAsS* 4.43  —  4.45 

Epidote,   HCaa(Al,Fe)a81aOi8...  3.25  —  3.6 

Erythrite,            CoaA8aOa+8HaO  2.948 

Fluorite,  CaFa 3.01  —  3.25 

Franklinite,     (Fe,Zn.Mn)0.(Fe, 

Mn)aOa    6.07  —  6.22 

Gahnite,  ZnAlaO« 4.0    —  4.6 

Galena,  PbS 7.428 

nm 

Garnet,   RaRa(S10«)a 3.15  —  4.3 

Gersdorffite,  NlAsS 5.6    —  6.2 

Gibbsite,    AUOH)a 2.3     —2.4 

Gmelinlte,     (Naa,Ca)AlaSl40,a+ 

6HaO     2.04  —  2.17 

Gold.   An,   Native 15.6    — li).3 

Gold,  Au,  Pure 19.32 

G«thlte,    FeaOa.HaO 4.0     —4.4 

Graphite,    C 2.09  —  2.23 

Gypsum,    CaSO«+2HaO 2.314 —  2.328 

Harmotome,      Ha(Ka,Ba)AlaSls 

Ota+4HaO     2.44  —  2.50 

Hematite,  Fe^Oa 4.9    —  5.3 

Hessite,    AgaTe 8.31  —  8.45 

Ice.    HaO 0.9167 

Ilmenite,    mFeTlOaitFeaOa 4.6    —  6.0 

lodyrite,  Agl 5.6    —6.7 

Iridium.    Ir 22.42 

Iridosmine,  mlritOs 19.3    — 21.12 

Iron,   Fe,   Pure 7.86 

Kaollnlte,  2HtO.Al,0..2SiOa.. . .  2.6    —  2.63 
Labradorite,  nNaAlSlaOamCaAU 

SlaOt    ^ 2.70  —  2.72 

Lanmontlte,        H«CaAlaSl«Oi«+ 

2H,0 2.25  —  2.36 

T>ead,  Pb 1 1.37 

Lepldollte.        KLi[AI,(OH.F)3l 

AI(8IO.)i    ....    2.8     —  2.0 


Specific  gravity. 

Llmonite,  2FeaOa.3HaO 3.6    —  4.0 

Llnnaelte,  CoaS« 4.8    —  6.0 

Magneslte.  MgCOa 3.0    —  8.12 

Magnetite.     FeO.FeaOa 6.168 —  6.180 

Malachite,  Cua( OH) aCOa 3.9    —4.03 

Manganese,  Mn    7.39 

Manganlte,   MuaOa.HaO 4.20  —  4.40 

Marcaslte,     FeSa 4.85  —  4.90 

Mercury,   Hg    13.696 

Mlargyrite,   AgSbSa 5.1     —  6.8 

Mlllerite.    NIS^. 5.3     —  6.65 

Mlmetlte,    SPbaAsaOa.PbCIa 7.0    —  7.25 

Molybdenite,    MoSs 4.7     —  4.8 

Muscovite,    HaKAl,(Si04)a 2.76  —  3.0 

Naphtha    0.60  —  0.766 

Nlccollte,    NlAs 7.33  —  7.67 

Nickel.    Nl 8.9 

Oligoclase,     nNa.41Sla08mCaAla 

SiaOa    2.66  —  2.67 

Opal,  SlOanUaO 1.9    —  2.3 

Orpiment,  AssSs 3.4     —  3.5 

Orthoclase,  KAlSlaO* 2.467—  2.619 

Ozocerite 0.86  —  0.90 

Palladium,   Pd 11.3    —11.8 

Phlogoplte,      (H,K,MgF)aMgaAl 

(ST04)a 2.78  —  2.85 

Pinlte,    Hydrous   Alkaline   Sili- 
cate from  alteration 2.6     —  2.85 

Platlniridium,  mTtwIr 22.65  —22.84 

^'— -~T-    T>^    -'— -     14.0    —19.0 

i-        ■•!    =M   .        l:,      I    .;|.-      21.50 

IV.hL>a^ll<^-  Ag.^bii*,. 6.0     —6.2 

lTe)mlte,    OaCaiAbSLOia 2.80  —  2.95 

l*nitjgtHc,    AgaAeS, 6.57  —  6.64 

relJomelaDP,    HiMuDa 3.7     —  4.7 

l*y  fflrgjrJi^,    AgaSbS 6.77  —  6.86 

r> rite.   FoSf 4.96  —  5.10 

ryroliiNlte.  MiiOj, .  _ 4.82 

Pyromorphlt^.    3PbsrsOa.PbCla..  6.6     —  7.1 

I*vffiX('rK%    U^^Oj 3.2     —  3.6 

l*vi Thotlte,    Fi'jiSji. . . , 4.58  —  4.64 

< jiji)  t  f z.   SiOi , , . . 2.653 —  2.660 

K.  II \mt*    AfiS*  .  ,  *  .  , 3.556 

liht^nchnjBttt,     MnCOn 3.45  —  3.60 

llljodiniJto,   MnSlOi 8.4     —  3.68 

U^iWW.    Tin, 4.18  —  4.26 

bcL-vuU,    CaWO* 6.9     —  6.1 

Sorpenilne.  H4MgaSIaOa 2.60  —  2.66 

Slderite,    FeCOa 3.83  —  3.88 

Sliver,  Ag.  Native 10.1     —11.1 

Silver,  Ag,  Pure 10.53 

Smaltlte,    CoAsa 6.4     —  6.6 

Smithsonlte,    ZnCOa 4.30  —  4.45 

Sphalerite.   (Blende)   ZnS 3.9    —4.1 

Spinel,    MgAlaO. 3.6     —4.1 

Spcdumene,    LI Al  ( SlOa )  a 3.13  —  3.20 

Staurolite,  H«(Fe,Mg)a(Al,Fe)a« 

SIhOm     3.65  —  3.75 

Steel     7.60  —  7.80 

Stephanlte,  AgaSbS« 6.2     —  6.3 

Stibnite,   SbaSa 4.52  —  4.62 

Stllblte,    H«(Naa.Ca)AI,Si«Oia+ 

4HaO     2.094—  2.206 

Strontlanlte,    SrCOa 3.680—  3.714 

Sulphur,   S 2.07  —  2.09 

Sylvanlte,   (Au.Ag)Tea 7.9     -—8.3 

Talc,    HaMjjaSiiO.a 2.7     —  2.8 

Tenorite,   CuO 6.825 —  6.25 

Tephroite,    Mn.SIO* 4.0     —  4.12 

Tetradymlte,    BlaCTe.S), 7.2     —  7.6 

TetrahedrUe.  4CnaS.SbaSa 4.4     —5.1 

Tin,    Sn 7.29 

TItanlte,    CaTiSlO. 8.4     —  3.66 

Topaz,     [Al(0,Fa)JAlS104 3.4     —8.65 

Tourmaline,       [  (Na.Li.K)«.(Mg 

Fe.Ca)i     or       (Al.B,Cr.Fe)aT 

Si6«    2.98  —  8.20 

Turglte.  2Fe,0a.Ha0 4.29  —  4.49 

Valentlnlte,  SbaOa 6.666 

Vlvlanlte,   Fe.PaOa^SHaO 2.58  —  2.68 

Wad,  Impure  hydrous  oxide  of 

manganese  3.0    —  4.26 

Wlllemlte.   ZujSIO, 3.89  —  4.18 

Wltherite,    BaCO. 4.29  —-  4.85 

Wolframite.   rFe.Mn)WO« 7.2    —7.6 

Wrought  Iron    7.79  —  7.85 

Wulfenite.    PbMoO, 6.7    --  7.0 

Zaratite,  NiCoa2Nl(OH)a+4HaO  2.67  —  2.89 

Zinc    7.16 

ZInclte,  ZuO 5.43  —  6.7 

Zircon,    ZrSiO* 4.68  —  4.70 
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ORE  DRESSING. 


Wkioht  of  Bsokbn  Obi. 

This  is  Important  in  figuring  for  a  mill  and  in  comparing  work  at  ?arioaa  places.  For  exam- 
ple, in  estimating  the  tonnage  capacity  of  crushing  machinery,  the  specific  gravity  of  the  ore, 
or  in  other  words,  its  volume,  most  be  considered  as  well  as  its  hardness. 

The  weight  of  a  cubic  foot  of  crushed  rock  depends  on  the  manner  of  crushing.  As  a  mle,  the 
finer  it  is,  the  less  the  weight.  A  mixture  of  coarse  and  fine  will  weigh  more  per  cnbic  foot  than 
either  coarse  or  fine  separately.  The  weight  of  coarse  ore  per  cubic  foot  may  be  calculated  from 
the  volume  of  the  skip  or  car  and  the  weight  of  its  contents;  for  fine  stuff  a  little  box  holding 
exactly  one  cubic  foot  is  to  be  recommended 

Vezin's  rule  (probably  for  ore  crushed  fairly  fine)  is  that  the  weight  of  mixed  coarse  and  fine 
crushed  ore  is  57%  of  the  weight  of  uncrushed  ore,  or  the  volume  Is  increased,  by  crushing,  to 
one  and  three-fourths  times  the  rolume  of  solid  rock.  The  specific  gravity  of  galena  is  7.5  and 
that  of  quartz  is  2.62.  Then  the  specific  gravity  of  an  ore  containing  15%  galena  and  85% 
quarts,  before  crushing,  would  be  0.15  X  7.5  +  0.85  x  2.62  or  3.385.  The  specific  gravity, 
after  crushing,  would  be  57%  of  3.385  or  1.0.  Taking  the  weight  of  a  cubic  foot  of  water  as 
62.5  pounds  then  the  crushed  ore  would  weigh  62.5  x  1.9  or  118.7  pounds.  For  the  ore  com- 
ing to  Mill  94,  Vezin  estimated  that  one  cubic  foot,  after  being  cruuied  to  about  %-lncfa  size, 
would  weigh  90  pounds  or  there  would  be  22.2  cubic  feet  per  ton. 

Kirby'*'  states  that  ores  in  place  are  full  of  small  fractures  and  may  be  spongy  or  porous  so 
that  they  will  not  weigh  as  much  as  solid  compact  raecimens  of  mineral.  HU  figures  ax«  given 
in  Table  403.  Oxidized  ores  in  place  cannot  be  well  calculated  and  their  weight  should  be  de- 
termined in  each  case  by  actual  test.  Broken  ore  on  dumps  in  pieces  ranging  ilrom  the  size 
of  one's  head  to  gravel  contains  from  35  to  50^  interstitial  spaces,  that  Is^  the  weight  of  the 
broken  ore  Is  from  50  to  65%  of  the  weight  of  the  pre  in  pHace. 


TABLE  408. — ILlBBY'a  VALUBS  FOB  DBS  IN  PLACI. 


Weight  per  CnWc  Foot 

CuMoFBe^perToo. 

Material. 

TheoreticaUy* 
Pounds. 

PractioaUy. 
Pounds. 

Theoretioaqy.* 

Pn^ 
eallj. 

Galena 

466 
818 

iSS 

288 
175 
168 
168 

168         1 
187 
180 
176 

426 
286 
285 
267 
218 
160 
154 
148 
188 
164 
160 
166 

4.8 

6.4 

8.0 

6.6 

8.4 

11.4 

11.0 

11.0 

12.3 

10.7 

ll.l 

11.4 

4.7 

Pyrite   

7.0 

Blende    

8.6 

Hematite 

7.5 

Llmonlte    

9.4 

Dolomite 

12.5 

Limestone,  andeslte,   syenite . 

Vein  quartz,  granite  and  granitic  rocks | 

Clay,  quartz,  porphyry,  trachytes,  rhyolltes,  etc. 
Vein  aiiartz    with  i5%  salens 

18,0 
13.6 
14.6 
12.2 

Vptn    nnnrtK    with    1R%    DvritM 

12.5 

Vein  quartz  with  10%  hematite 

12.9 

•Calculated  from  average  specific  gravity  for  pure  unaltered  specimens 

McDonald's**  figures  are  given  in  Table  404.    These  values  are  probably  for  ore  as  tt 
to  the  mill. 


TABLB  404. — ^MCDONALD'S  FIOUBES   ON   WEIGHT  OF  OBB. 


Material. 


Granite  and   porphyry. 

Gneiss  

Greenstone  and  trap  . . 

Limestone    

Slate   

Quarts    

Sandstone    

Barth   in  bank 

Earth  dry  and  loose   . . 

Clay 

Sand    


Weight  per  Cubic  Foot 

Cubio  Feet  per  Ton. 

InPlaoe. 
Pounds. 

Broken. 
Pounds. 

InPlaoe. 

BrokoD. 

170 

97 

11.8 

20.6 

168 

06 

11.9 

20.8 

187 

107 

10.7 

18.7 

168 

96 

11.9 

20.8 

176 

96 

11.4 

21.1 

166 

94 

12.1 

21.8 

161 

86 

18.2 

23.3 

111 

18.0 

74 

27.0 

118 

17.0 

-' 

80 

— 

25.0 

Further  quotations  from  various  sources  are  given  in  Table  405. 


APPENDIX. 
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TABLB   406. — MI8CELLANX0US    FIGUBES    ON    THB    WEIGHT   OF   BBOKBN    OBB. 


Weight  per 

Cable  Foot. 

Poondfl. 


100 
100 
100 

96 
95 

87 
77 
76 


Cubic  Feet 
per  Ton. 


Material. 


20  Mine  ore  comlns  to  Iftill  67.**^ 

20  Tailings  of  Mill  44. 

20  "Blue   ground"    (altered   peridotite)    as   it   cornea   from   the   Kimberly 

mines,  South  Africa.^** 
20.8       Brolien  quartz  as  It  comes  from  the  Jumpers'  Deep  mine.  South  Africa.*^^ 
21.1       Brolcen  quarts  conglomerate  as  It  comes  from  the  Ferreira  mine.  South 

Africa.*" 
23  Material  from  graylty  stamps.*^ 

26  Material  from  Kravity  stamps,  with  the  slimes  removed.** 

261       1 1  Quartz  stamped  dry  through  40  mesh  and  charged  dry  Into  yats  at  the 
I  Victoria  mill,  Hauraki  peninsula,  New  Zealand.**^ 


TABLE  406. FOB  CONVERTING  SLOPE  IN  DBOBEES  TO  SLOPE  IN  INCHES. 

IifOTE. — ^The  column  headed  "Inches  per  Inch**   is  also  the  geometrical  tangent  of  the  angle. 
The  tangent  should  always  be  used  in  figuring  slope  angles  in  preference  to  the  sine.     By  moving 
the  decimal  point  in  this  column  two  places  to  the  right  the  slope  is  then  expressed  as  so  much 
'-   —  per  cent.     The  last  column  is  intended  fo^  use  on  vannera 


in  one  hundred,  or,  in  other  words,  as  per 

and  as  the  steepest  vanner  found  by  the  uuLuur  m  lue  mi  us  siopea  oniy  i^j   incues  pvr  io« 

it  waa  not  considered  necessary  to  continue  this  column  in  the  table  beyond  2  inches  per  foot. 


Degrees. 

Inches 

Inches 

Inches  per 

Degrees. 

Inches 

Inches 

Ibchesper 

per  Inch. 

per  Foot 

12  Feet 

per  Inch. 

per  Foot 

18  Feet 

0*    6' 

.00145 

.01746 

.20938 

60' 

.08460 

1.01470 

12.17686 

10' 

.00201 

.03490 

.41875 

55' 

.08602 

1.03228 

12.38781 

15' 

.00436 

.05236 

.62827 

6*    0' 

.08749 

1.04986 

12.59827 

20' 

.005fii2 

.06980 

.83765 

6' 

.08896 

1.06746 

12.80938 

25' 

.00727 

.08726 

1.04717 

10' 

.09042 

1.08604 

13.02048 

80' 

.00873 

.10471 

1.25654 

15' 

.09189 

1.10264 

13.23173 

85' 

.01018 

.12217 

1.46606 

20' 

.09335 

1.12026 

13.44298 

40' 

.01164 

.13968 

1.67558 

25' 

.09482 

1.13785 

13.65422 

46' 

.01309 

.15708 

1.88496 

30' 

.09629 

1.15547 

13.86562 

60' 

.01455 

.17454 

2.09448 

85' 

.09776 

1.17308 

14.07701 

65' 

.01600 

.19200 

2.30400 

40' 

.09923 

1.19070 

14.28840 

!•    0' 

.01746 

.20946 

2.51352 

45' 

.10069 

1.20833 

14.499:^4 

5' 

.01891 

.22692 

2.72304 

.50' 

.10216 

1.22597 

14.71162 

10' 

.02037 

.24438 

2.93256 

55' 

.10363 

1.24361 

14.92330 

15' 

.02182 

.26184 

8.14208 

6*    0' 

.10510 

1.26125 

15.13498 

20' 

.02328 

.27930 

8.35160 

5' 

.10658 

1.27890 

16.34680 

25' 

.02473 

.29676 

8.66112, 

10' 

.10805 

1.29656 

15.65862 

80' 

.02619 

.31422 

8.770641 

15' 

.10952 

1.81420 

16.77046 

85' 

.02764 

.33169 

8.98030 

20' 

.11099 

1.33187 

16.98242 

40' 

.02910 

.34916 

4.189971 

25' 

.11246 

1.84954 

16.19453 

45' 

.03055 

.36662 

4.39949 

30' 

.11394 

1.36722 

16.40664 

50' 

.03201 

.38410 

4.60915 

35' 

.11.541 

1.88491 

16.61890 

65' 

.03346 

.40157 

4.81882 

40' 

.11688 

1.40260 

16.83115 

2»    0' 

.03492 

.41904 

5.028481 

45' 

.11836 

1.42028 

17.04341 

6' 

.03638 

.43652 

5.23829 

50' 

.11983 

1.43798 

17.25581 

10' 

.03783 

.45400 

5.447951 

65' 

.12131 

1.45570 

17.46835 

15' 

.03929 

.47148 

5.65776 

7-    0' 

.12278 

1.47341 

17.68090 

20' 

.04076 

.48805 

5.86742 

6' 

.12426 

1.49113 

17.89358 

25' 

.04220 

.60644 

6.07723 

10' 

.12574 

1.50886 

18.10627 

80' 

.04866 

.62392 

6.28704 

15' 

.12722 

1.52659 

18.31910 

83' 

.04512 

.64142 

6.49699 

20' 

.12869 

1.54433 

18.53194 

40' 

.04658 

.65890 

6.70680 

25' 

.13017 

1.56208 

18.74491 

45' 

.04803 

.67640 

6.91675 

30' 

.13165 

1.57982 

18.96789 

60' 

.04040 

.69389 

7.12670 

85' 

.13313 

1.69758 

19.17101 

65' 

.0.'>095 

.61139 

7.33666 

40' 

.13461 

1.61534 

19.38413 

Z*       0' 

.05241 

.62888 

7.54661 

45' 

.13609 

1.63318 

19.69754 

5' 

.03387 

.64639 

7.75670 

50' 

.13758 

1.65090 

19.81080 

10' 

.05533 

.66390 

7.96680 

55' 

.13906 

1.66870 

20.02435 

15' 

.05678 

.68141 

8.17690 

8*    0' 

.14054 

1.68648 

20.23776 

?0' 

.05824 

.60892 

8.38700 

5' 

.li202 
.14351 

1.70429 

20.45146 

25' 

.05970 

.71642 

8.59709 

10' 

1.72210 

20.66516 

80' 

.06116 

.73394 

8.80733 

15' 

.14499 

1.73992 

20.87899 

85' 

.06262 

.75146 

9.01757 

20' 

.14648 

1.75774 

21.09283 

40' 

.06408 

.76899 

9.22781 

25' 

.14796 

1.77657 

21.30682 

45' 

.06554 

.78652 

9.43819 

80' 

.14945 

1.79341 

21.52094 

.'iO' 

.06700 

.80405 

9.64858 

35' 

.15094 

1.81126 

21.78607 

55' 

.06847 

.82158 

9.85896 

40' 

.15243 

1.82911 

21.94934 

4-    0' 

.06998 

.83911 

10.06934 

45' 

.15391 

1.84497 

22.16862 

6' 

.07139 

.85666 

10.27987 

50' 

.15540 

1.86485 

22.37818 

10' 

.07285 

.87420 

10.49040 

55' 

.1.5689 

188272 

22.59269 

15' 

.07431 

.89174 

10.70093 

9*    0' 

.15838 

1.90061 

22.80730 

20' 

.07578 

.90930 

10.01160 

5' 

.15988 

1.91860 

23.02200 

25' 

.07724 

.92686 

11.12228 

10' 

.16137 

1.93640 

23.28685 

30' 

.07870 

.94441 

11. .33294 

1.V 

.16286 

1.96432 

23.46184 

85' 

.08017 

.96198 

11.64370 

20' 

.16435 

1.97224 

23.66683 

40' 

.08163 

.97955 

11.7545R 

25' 

.16585 

1.99016 

23.88197 

45' 

.0830«> 

.99712 

11.00539 

1       30' 

.16734 

2.00810 

24.09725 
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ORE  Dnsasma. 


DegreeB. 

Inches 
per  loch. 

Inches  per  Foot. 

Degrees. 

Inches 
per  Inch. 

Inches  per  Poot 

86' 

.10SS4 

2.02606 

86' 

.20780 

3.67855 

40' 

.um^ 

2.04401 

40' 

.29938 

8.69266 

45' 

.1718S 

2.06197 

46' 

.30097 

a61158 

60' 

Ai^^n 

2.07996 

60' 

-a0255 

3.63062 

56' 

Ai4m 

2.09792 

65' 

,y0414 

3.64960 

10-         0' 

Aimz 

2.11592 

IV         0' 

.3l>573 

3.66876 

6' 

.17783 

2.18892 

6' 

.?tOT;i2 

3.68785 

10' 

.I7tt33 

2.15192 

10' 

.30891 

3.70697 

16' 

180S3 

2.16995 

15' 

.3iu:ii 

3.72610 

20' 

,1823:1 

2.18797 

20' 

.31210 

8.74524 

25' 

.imm 

2.20602 

25' 

.3 1370 

8.76440 

80' 

i^fiM 

2.22407 

80' 

.31530 

8.78358 

85' 

JftflH't 

2.24212 

85' 

.aieao 

8.80278 

40' 

.ikn:i;^ 

2.26010 

40' 

.31850 

8.82199 

45' 

.istma 

2.27826 

45' 

,32010 

8.84122 

60* 

j$n:io 

2.in>eHa 

50' 

.32171 

3.86047 

65' 

.v.rixi 

2.31445 

66' 

.32331 

&87974 

ir         0' 

.VMm 

*j,.%mm 

18-         0' 

.3241*2 

8.89903 

6' 

AM'im 

2. 350^8 

5' 

.32tt53 

3.91834 

10' 

.11*740 

2.36880 

10' 

.32.^14 

8.93766 

15' 

,H>ySll 

2,3B6U4 

15' 

.■1207.'* 

8.95700 

20' 

/J(MJ42 

2AmiM\ 

20' 

.33136 

3.97636 

25' 

1^^VM 

2.42326 

25' 

.332S8 

8.$  9574 

30' 

/jtKiiri 

2.44142 

80' 

.3346^) 

4.01514 

85' 

.'J.U-VM 

2.45900 

35' 

,33621 

4.03456 

40' 

.12i|tii8 

2.47780 

40' 

.^3783 

4.05400 

45' 

,2<iNO0 

2.49600 

45' 

.33945 

4.07345 

60' 

'im:>2 

2.D1422 

50' 

.34103 

4.09^2 

65' 

,21104 

2.55243 

^^' 

.34270 

4.11241 

12*         0' 

.2i^r>« 

2.55007 

19»         0' 

.344.13 

4.13192 

6' 

.21  l(>8 

2.50892 

6' 

,345SJfi 

4.15146 

10' 

'n:*m 

2.58718 

10' 

e34758 

4.17101 

15' 

.1^1712 

2  00546 

15' 

.34£>22 

4.19058 

20' 

.n^i'A 

2.62373 

20' 

.35n*if, 

4.21018 

25' 

:i-\ni 

2m2m 

25' 

.:^''J|H 

4.22978 

80' 

.L';j_HU> 

2.^1033 

80' 

.'A'^Wl 

4.24942 

35' 

2.67865 

86' 

.:\.^Z"^'^\ 

4.26907 

40' 
45' 

2.69608 
2.71531 

40' 
45' 

.;S."il»(>4 

4.28874 
4.30848 

60' 

. 21^781 

2.7r<367 

60' 

.36068 

4.82815 

65' 

.22tl34 

2.75203 

65' 

.36232 

4.34789 

18»         0' 

.2m%i 

2.77042 

20*        0' 

.a*1397 

4.36764 

6' 

*rvi\{% 

2.7&880 

6' 

,36562 

4.38742 

10' 

.'iv.^m 

2.80721 

10' 

,mi2i 

4.40722 
4.42703 

15' 

.'i:\-,\i 

2.82562 

15' 

.36892 

20' 

.'i.rim 

2.84105 

20' 

.37057 

4.44686 

25' 

.*^1<HTA 

2SG249 

25' 

.37223 

4.46672 

30' 

.24{i0a 

2.H.^iSil4 

80' 

.37388 

4.48661 

85' 

.241 G2 

2.811040 

85' 

.37554 

4.60652 

40' 

.2431(1 

2.S*1788 

40' 

.:r7720 

4.52644 

45' 

-24470 

2,03^38 

45' 

,,H7"^87 

4.54639 

60' 

:2nviA 

2J*rHS« 

60' 

.:iJsor..3 

4.56636 

55' 

.'2\--^ 

21>7a46 

^^' 

.38220 

4.68635 

14»         0' 

:2vy.\'A 

aiH>lW4 

21*         0' 

,383R6 

4.60637 

6' 

.'^oVSl 

3  01048 

6' 

.38553 

4.62640 

10' 

.25242 

3.021104 

10' 

.38721 

4.64646 

15' 

.25397 

3r>47rtO 

15' 

.38888 

4.66654 

20' 

.25552 

3.cc(;iy 

20' 

.3^*055 

4.68665 

25' 

.25707 

8.08479 

25' 

.30223 

4.70667 

80' 

.25862 

8.10340 

80' 

.3":^oi 

4.72692 

85' 

.26017 

3.12208 

35' 

.:^!>:i."i!i 

4.74709 

40' 

.26172 

8.14068 

40' 

,^^!*7:!r 

4.76729 

45' 

.26328 

3.15934 

45' 

.li^JS^Hl 

4.78751 

50' 

.26488 

8.17800 

50' 

,40atJ5 

4.80775 

65' 

.26639 

8.19668 

55' 

.40234 

4.82802 

15«         0' 

.26795 

3.21539 

22*        0' 

,40403 

4.84831 

6' 
10' 
16' 
20' 

.26951 
.27107 
.27263 
.27419 

3.23410 
3.25283 
3.27157 
3.29033 

5' 
10' 
15' 
20' 

.40572 
.40741 
.40R1 1 
.410R1 

4.86863 
4.88896 
4.90932 
4.92971 

25' 

60' 

65' 

16*         0' 

5' 

.27576 
.27732 

:» 

.28203 
.28360 
.28517 
.28675 
.28832 

3.30910 
3.32789 
8.34669 
3.36551 
3.38435 
3.40319 
8.42206 
3.44094 
8.45^84 

25' 
30' 
35' 
40' 
45' 
50' 
66' 
28»         0' 
6' 

.4ri51 
.41421 
.415^*2 
.41763 
.41ftr{3 
.42105 
.42276 
.42447 
.42610 

4.95012 
4.97066 
4.99102 
6.01150 
6.03201 
6.05255 
6.07811 
6.09369 
6.11430 

10' 
15' 
20' 

2  147 
!29S05 

8.47875 
8.49768 
8.61662 

10' 

.42791 
,420^3 
.4^1136 

6.18494 
6.16560 

5!Z2S? 

25' 

.29463 

8.63558 

25' 

.43308 

6.19701 

80' 

.29621 

3.55456 

30' 

.43481 

5.21774 
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Degrees. 

InoheB 
per  Inch. 

Inches  per  Foot 

Degrees. 

Inches 
per  Inch. 

Inches  per  Foot 

36' 

.48664   1 

6.23860 

40' 

.69207 

■^4152? 

40' 

.48828 

6.25080 

45' 

.60404 

7.18024 

46' 

.44001 

6.28012 

60' 

.60601 

'^•\^JSP^ 

60' 

.44175 

6.30006 

66- 

.60888 

7.18658 

66' 

.44840 

5.32184 

81*    0* 

.60086 

7.21032 

24»    C 

.44528 

5.34274 

6' 

.60284 

7.23400 

6' 

.44697 

5.36366 

10' 

.60483 

7.25701 

10' 

.44872 

5.38462 

16' 

.60681 

7.28177 

15' 

.45047 

6.40560 

20' 

.60881 

7.30567 

20' 

.45222 

6.42660 

26' 

.61080 

7.32061 

26' 

.45397 

6.44764 

80' 

.61280 

7.35360 

80' 

.46578 

6.46871 

35' 

.61480 

7.37764 

86' 

.45748 

6.48080 

40' 

.61681 

7.40171 

40' 

.45924 

5.51092 

46' 

.61882 

7.42582 

46' 

.46101 

5.53207 

60' 

.62083 

7.44998 

60' 

.46277 

5.55326 

55' 

.62285 

7.47418 

66' 

.46454 

6.57446 

32»    0' 

.62487 

7.49843 

26*    0' 

.46631 

6.59568 

5- 

.62680 

7.52272 

6' 

.46808 

5.61695 

10' 

.62802 

7.54706 

10* 

.46985 

6.63824 

15' 

.63005 

7.57144 

16' 

.47163 

6.65956 

20' 

.63200 

7.59586 

20' 

.47341 

6.68091 

25' 

.63503 

7.62032 

26' 

.47519 

5.70229 

30' 

.63707 

7.64484 

80' 

.47698 

6.72370 

35' 

.63912 

7.66930 

86' 

.47876 

6.74514 

40' 

.64117 

7.60400 

40' 

.48055 

6.76661 

45' 

.64322 

7.71865 

46' 

.48234 

6.78810 

50' 

.64528 

7.74336 

60' 

.48414 

6.80968 

65' 

.64734 

7.76800 

65' 

.48593 

6.83120 

88»    0' 

.64941 

7.70288 

26*    0' 

.48773 

6.85278 
5.87441 

6' 

.65148 

7.81772 

.48053 

10' 

.65355 

7.84261 
7.86754 

10' 

.49184 

6.89606 

16' 

.65563 

16' 

.49315 

6.91774 

20' 

.65771 

7.80252 
7.01756 

20' 

.49495 

6.93945 

25' 

.65980 

26' 

.49677 

6.96119 

30* 

.66189 

7.04262 

80' 

.49858 

6.98297 

86' 

.66398 

7.06776 

85' 

.50040 

6.00478 

40* 

.66608 

I-2?2?! 

40' 

.50222 

6.02662 

46' 

.66818 

8.01814 

46' 

.50404 

6.04849 

60* 

.67028 

8.04841 

60' 

.50587 

6.07039 

66' 

.67239 

8.06878 

65' 

.60769 

6.09233 

84*    0' 

.67451 

8.00410 

27-    0' 

.50953 

6.11430 

6' 

.67663 

8.11061 

6' 

.51136 

6.13630 

10' 

.67875 

8.14400 

10* 

.61320 

6.15834 

15' 

.68088 

8.17050 

16' 

.51503 

6.18040 

20' 

.68301 

8.10607 

20' 

.61688 

6.20250 

26' 

.68514 

8.22160 

26' 

.61872 

6.22468 

80' 

.68728 

8.24737 

80* 

.62057 

6.24680 

35' 

f»00'!*» 

8.27800 

86' 

.62242 

6.26900 

40' 

IV  V]  \7 

8.20886 

40' 

.62427 

6.29123 

45' 

jvrM': 

8.82460 

46' 

.62613 

6.31860 

60' 

.(V.iriSH 

8.85057 

60' 

.52798 

6.33580 

65' 

.fi^»w<v4 

8.87660 

65' 

.52986 

6.35814 

8K»    0' 

.7*1021 

8.40248 

28»    0' 

.53171 

6.38051 

6' 

.lo^m 

8.42852 

6' 

.63358 

6.40291 

10' 

jmTiTi 

8.45461 

10' 

.58545 

6.42535 

15' 

.70«T3 

8.48076 

16' 

.53732 

6.44783 

20' 

.70S91 

8.506'^6 

20' 

.63920 

6.47034 

25' 

.71110 

8.53820 

25' 

.54107 

6.49289 

.i%m^ 

8.55052 

80' 

.64296 

.  6.51546 

35' 

.7lf>4fl 

8.58588 

86' 

.54484 

6.53808 

40' 

,7t70!> 

8.61220 

40' 

.54673 

6.66074 

45' 

,7T00n 

8.68876 

46' 

.54862 

6.58842 

50' 

.Tt22t1 

8.66528 

60' 

.55051 

6.60614 

55' 

.72432 

8.60186 

66' 

.55241 

6.62891 

86*    0' 

„T^nr*4 

8.71860 

20*    0' 

.55481 

6.65171 

R' 

72«7T 

8.74520 

6' 

.55621 

6.67453 

10' 

j^im 

8.77105 

10' 

.66812 

6.69740 

15' 

,l^m^ 

8.70876 

16' 

.56003 

6.72031 

20' 

.TS54T 

8.82563 

20' 

.56194 

6.74327 

25' 

,7377! 

8.85254 

25' 

.66385 

6.76625 

80' 

T?tnf*6 

8.87953 

80' 

.66577 

6.78926 

35' 

.74^21 

8.90657 

86' 

.56769 

6.81233 

40' 

.74447 

8.98366 

40' 

.66962 

6.83548 

45' 

.74674 

8.96082 

46' 

.67156 

6.85856 

,W 

.74900 

8.98804 

60' 

.67848 

6.88174 

56' 

.75128 

9.01531 

66' 

.67541 

0.90494 

87*    0' 

.75855 

9.04265 

80*    0' 

.67786 

6.92820 

5' 

.75684 

0.07003 

6' 

.67920 

6.96140 

10* 

.75812 

0.00740 

10' 

.68124 

6.07482 

15' 

.76042 

0.12500 

16' 

.68818 

6.00818 

20; 

.76272 

0.15258 

20* 

.68618 

7.02160 

.76502 

0.18022 

26' 

.68700 

7.04604 

80' 

.76783 

0.20792 

80' 

.58005 

7.06854 

85' 

.76964 

0.28568 

86' 

.50101 

7.00206 

40' 

i   .77196 

9.26850 
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Degrees. 

Inches 
perlDOh.   ' 

Inches  per  Foot. 

'Degrees. 

Inches 
per  Inch. 

Inches  per  Foot 

45' 

.7742s 

9.29188 

25' 

.88214 

10.58502 

50' 

7  7  (>«'►] 

9.81988 

30' 

.88473 

10.61670 

55' 

.77H:j'r> 

9.84785 

85' 

.88732 

10.64785 
10.67909 

38'         0' 

-X\T.\ 

9.37542 

40' 

.88992 

6' 

,1^'MV.\ 

9.40d56 

45' 

.89253 

10.71041 

10' 

.7s:.lKs 

9.43176 

50* 

.89515 

10.74180 

15' 

:"h?!jM 

9.46008 

56' 

.89777 

10.77328 
10.80485 

20' 

.714 11  TO 

9.48836 

42^         0' 

.90040 

25' 

.7i»3<>6 

9.51677 

5' 

.90304 

10.83649 

30* 

.71*544 

9.54522 
9.67876 

10 

.90569 

10.86822 

35' 

.71*181 

15' 

.90834 

10.90003 

40' 

.80020 

9.60235 

20' 

.91099 

10.93193 

45' 

.80258 

9.63101 

25' 

.91366 

10.96391 

50' 

,80408 

9.65975 

30' 

.91633 

10.99597 

55' 

miim 

9.68854 

35' 

.91901 

11.02812 

89'         0' 

.sm-n 

9.71741 

40' 

.92170 

11.06035 

5' 

Si-jn 

9.74634 

45' 

.92439 

11.09269 

10' 

S\MU 

9.77533 

50' 

.92709 

11.12509 

15' 

,M7o:i 

9.80441 

55' 

.92980 

11.15759 

20' 

.Hiii4n 

9.83354 

48*         0' 

.93252 

11.19018 

25' 

K2nn> 

9.86275 

5' 

.93524 

11.22286 

30' 

.S^1%?A 

9.89203 

10' 

.93797 

11.25562 

35' 

.S'Jii'-S 

9.92138 

15' 

.94071 

11.28847 

40' 

.ia^  .;:J 

9.95080 

20' 

.94345 

11.32141 

45' 

.83169 

0.98029 

25' 

.94620 

11.86445 

50' 

.83415 

10.00985 

30' 

.94896 

11.38757 

Ai..       55; 

.83662 

10.03949 

35' 

.95173 

11.42078 

40*         0' 

.83910 

10.06919 

40' 

.95451 

11.45410 

5' 

.84158 

10.09897 

45' 

.95729 

11.48749 

10' 

.84407 

10.12882 

50' 

.96008 

11.62098 

15' 

.84656 

10.15874 

55' 

.96288 

11.55457 

20' 

.84906 

10.18874 

44*         0' 

.96569 

11.68826 

25' 

.85157 

10.21882 

5' 

.96850 

11.62204 

30' 

.85408 

10.24896 

10' 

.97188 

11.66591 

35' 

.85660 

10.27919 

16' 

.97416 

11.68987 

40' 

.85912 

10.30949 

20' 

.97700 

11.72.^194 

45' 

.86166 

10.33186 

25' 

.97984 

11.75816 

50' 

.86419 

10.37030 

30' 

.98270 

11.79236 

55' 
41  •          0' 

.86674 

10.40083 

35' 

.98556 

11.82672 

.86929 

10.43148 

40' 

.98848 

11.86117 

5' 

.87184 

10.46212 

45' 

.99131 

11.89573 

10' 

.87441 

10.49287 

50' 

.99420 

11.93039 

15' 

.87698 

10.52371 

55' 

.99710 

11.96514 

20' 

.87955 

10.55462 

45*          0' 

1.00000 

12.00000 

TABLE   407. GAUGES    POB   WIBB  AND    PLATB. 

NoTB.— Fraser  k  Chalmers*  Catalogne  No.  7,  pp.  8,  9,  25,  (Third  Edition)  glres  I.,  II..  III.. 
J.Yvr^;J^'"«^J';:»  ^-  Kent's  Mechanical  Engineers'  Pocket-i>ook,  p.  28.  gives!..  II..  IIL.  IV., 
\  III.,  IX.  Smith.  Oberlln,  "PresB  Working  of  Metals,"  pp.  103.  105,  gives  I..  II.,  III.,  IV.,  V., 
VI.,  IX.  Smith  also  gives  Birmingham  Iron  sheet  gauge ;  Needle-wlre  In  England ;  Music-wlre  in 
England  :  Whltworth's  English  Standard ;  Birmingham  for  sheets  not  Iron  or  Steel ;  Lsncartiire, 
One  of  Holtzapffels:  Warrington  or  Rylands ;  French,  Jauga  de  Limoges :  French,  for  galvanised 
Iron.    Tyler  Wire  Works  Co..  Catalogue  No.  14,  (1896),  p.  8.  gives  I..  II..  III.,  VI. 


I 

.        1 

n 

m. 

TV. 

V, 

Number 

American, 

Birmin^hQ.m, 
or  Stubby. 

Washliiim  &  Moen 

T^rectftn           1 

a.  W.  PrentSss, 

of 

or 

MfR.  Ca.  or 

Irou  Co,. 

Holjrt*** 

Gauge. 

Brown  &  Sharpe. 

English  SUDdard. 

Ho«blJDe'6. 

Ti^ntoB,  N.  J. 

Mtiss. 

Inches. 

Mm.      1 

Inches. 

Mm. 

Ti3ches. 

Mm. 

Tiic]i**. 

Mm.     \ 

Tncbcfl.       Mm, 

000000 

— 

— ~ 

.^ 



.46 

~riT68T" 



— 

— 

— 

00000 

— • 

— . 





.43 

10.022 

.45 

11.431 

__ 

.— 

0000 

.46 

11.684 

.454 

11. ,531 

.393 

9.982 

.40 

10.160 

— 

— 

000 

.40964 

10.404 

.426 

10.795 

.362 

9.194 

.36 

9.144 

.8586 

9.10s 

00 

.3648 

9.265 

.38 

9.652 

.331 

8.407 

.33 

8.382 

.3282 

S.336 

0 

.32486 

8.251 

.  34 

8.636 

.307 

7.797 

.305 

7.747 

.2994 

7.604 

1 

.2893 

7..348 

.3 

7.620 

.283 

7.188 

.285 

7.239 

.2777 

7.053 

2 

.25763 

6.548 

.284 

7.213 

.203 

6.680 

.265 

6.731 

.2591 

6.581 

3 

.22942 

5.827 

.259 

6.578 

.244 

6.197 

.245 

6.223 

.2401 

6.098 

4 

.20431 

5.189 

.238 

6.045 

.225 

5.715 

.225 

6.715 

.223 

5.664 

5 

.18194 

4.621 

.22 

5.588 

.207 

5.257 

.205 

5.207 

.2047 

5.199 

6 

.16202 

4.115 

.203 

5.156 

.192 

4.876 

.19 

4.826 

.1885 

4.787 

7 

.14428 

3.664 

.18 

4.572 

.177 

4.495 

.175 

4.446 

.1785 

4.5.33 

8 

.12849 

3.263 

.165 

4.191 

.162 

4.114 

.16 

4.064 

.1605 

4.076 

9 

.11443 

2.006 

.148 

8.759 

.148 

3.759 

.146 

8.688 

.1471 

S.736 

10 

.10189 

2.588 

.l.?4 

3.403 

.1.35 

8.429 

.13 

3.302 

.1351 

3.431 

11 

.09074 

2.304 

.12 

3.048 

.12 

3.048 

.1175 

2.984 

.1205 

3-060 

12 

.08081 

2.052 

.109 

2.768 

.105 

2  667 

.105 

2.667 

.1065 

2.705 

18 

.07196 

1.827 

.095 

2.413 

.092 

2. •1.36 

.0925 

2.340 

.0928 

2.S57 

14 

.06408 

1.627 

.088 

2.108 

.08 

2.0.32 

.08 

2.082 

.0816 

2.072 

16 

.05707 

1.449 

.072 

1.828 

.072 

1.828 

.07 

1.778 

.0726 

1.844 

16 

.05082 

1.290 

.065 

l.fi.'-n 

.063 

1.600 

.061 

1.649 

.0627 

1.592 

17 

.04526 

1.149 

.058 

1.473 

.054 

1.371 

.0625 

1.338 

.0546 

1.886 

18 

.0403 

1.0236 

.049 

12446 

.047 

1.1038 

.045 

1.1430 

.0478 

1.2141 
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I 

IT. 

UL 

IV. 

V. 

Humber 

Amerlcaa, 

BirmtnjphAnit 

WBalibum  it  Hood 

Tl-wntoo 

a  W.  Prentitt, 

of 

or 

or  StubbB. 

Mfg.  Co.,  or 

Iron  U0.» 

Hoi  yoke, 

GMUlg& 

Browti  &  ShArpe, 

Eo^llsh  f^tuDdfLrd 

TftntOD,  N.  J, 

Mm».^ 

I]lCh««, 

Um. 

Inches,       Mm, 

lQcti«fl.       Mm. 

lDcb««.       Mm. 

19 

.08589 

.9116 

.042 

1.0668 

.041 

1.0414 

.04 

1.0160 

.0411 

1.0439 

20 

.03196 

.8117 

.035 

.8890 

.035 

.8890 

.035 

.8890 

.0:^51 

.8915 

21 

.02846 

.7228 

.082 

.8128 

.032 

.8128 

.031 

.7874 

.CKH21 

.8158 

22 

.02535 

.6438 

.028 

.7112 

.028 

.7112 

.028 

.7112 

.0_'9 

.7366 

28 

.02257 

.5732 

.025 

.6350 

.025 

.6350 

.025 

.6350 

ArzZl 

.6629 

24 

.0201 

.5105 

.022 

.5588 

.023 

.5842 

.0225 

.5715 

.0231 

.5867 

25 

.0179 

.4546 

.02 

.5080 

.02 

.5080 

.02 

.5080 

.V>-12 

.5384 

26 

.01594 

.4048 

.018 

.4572 

.018 

.4572 

.018 

.4572 

JH94 

.4927 

27 

01419 

.3604 

.016 

.4064 

.017 

.4318 

.017 

.4318 

,tjl82 

.4622 

28 

.01264 

.3210 

.014 

.3556 

.016 

.4064 

.016 

.4064 

.1.17 

.4318 

29 

.01126 

.2860 

.013 

.3302 

.015 

.3810 
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Valubb  of  Mushes  in  Scbexn  Sizes. 

As  has  been  explained  In  1152  this  method  of  designating  screens  indicates  only  the  Bomber  of 
holes  per  linear  inch  but  does  not  Indicate  the  exact  sise  of  the  hole,  which  will  depend  npon  the 
size  or  wire  used.  The  W.  S.  l^Ier  Company  give  a  customer  the  cnoice  of  seTer&f  sUcs  of  wire 
for  each  mesh,  but  what  they  call  their  "mining  wire  cloth"  has  the  sizes  glTen  In  Table  40& 
According  to  the  author's  understandiug  of  the  matter  these  are  the  screens  that  a  mining  man 
will  get  who  orders  by  mesh  without  designating  the  size  of  wire.  Screens  made  by  other 
companies  will  very  lllcely  show  Tariations  from  these  yalues.  A  rough  rule  In  calculating  the 
size  of  hole  when  the  mesh  is  known,  is  to  assume  that  the  size  of  the  hole  is  equal  to  the  size 
of  the  wire.  Thus  a  10-mesh  screen  has  10  holes  and  10  wires  per  Inch  and  on  the  aboTe  as- 
sumption each  hole  would  be  1/20  Inch  or  0.05  inch  wide.  How  close  this  mle  holds  may  be  seen 
by  studying  the  table. 


TABLE    408. — TTLBB'S    "MINING    WISE    CLOTH.' 


Iron  or  SteeL 

Brass  or  Copper. 

Number  of 

Washburn 

Size  of  Opening. 

Number 
of  Meshes 

Old 
English 

Size  of  Opening. 

Meshes 

ftMoen 

per  Inch. 

Gauge  No. 
of  wire. 

Inches. 

Mm. 

per  Inch. 

"^^ 

Inches. 

Mm. 

2 

8 

0.338 ' 

8.50 

2 

8 

0.335 

8.51 

8 

10 

0.108 

5.03 

3 

10 

0.199 

6.05 

4 

11 

0.130 

3.30 

4 

11 

0.130 

3.30 

4 

12 

0.145 

3.68 

4       > 

12 

0.141 

3.59 

6 

13 

0.108 

2.74 

5 

13 

0.106 

2.67 

6 

14 

0.087 

2.21 

6 

14 

0.082 

2.08 

7 

15 

0.071 

1.80 

7 

16 

0.071 

1.80 

8 

16 

0.062 

1.57 

8 

16 

0.060 

1.52 

0 

17 

0.057 

1.45 

9 

17 

0.053 

1.35* 

10 

18 

0.053 

1.35 

10 

17 

0.042 

1.07 

12 

19 

0.042 

1.07 

10 

18 

0.051 

1.8a 

14 

20 

0.036 

0.91 

12 

18 

0.034 

0.86 

16 

22 

0.034 

0.86 

12 

19 

0.043 

1.09 

18 

23 

0.0305 

0.77 

14 

19 

0.031 

0.79 

20 

24 

0.027 

0.69 

14 

20 

0.036 

0.91 

22 

24 

0.022 

0.56 

16 

20 

0.0276 

0.70 

22 

25 

0.025 

0.64 

16 

21 

0.031 

0.79 

24 

25 

0.021 

0.53 

18 

22 

0.026 

0.66 

24 

26 

0.023 

0.58 

20       1 

23 

0.023 

0.68 

26 

26 

0.0205 

0.52 

22 

24 

0.0204 

0.52 

26      ' 

27 

0.0215 

0.55 

24 

25 

0.0186 

0.47 

28 

27 

0.0187 

0.47 

26 

26 

0.0179 

0.45 

30 

28 

0.0173 

0.44 

28 

27 

0.0169 

0,43 

35 

30 

0.0145 

0.37 

30 

27 

0.0145 

0.37 

40 

31 

0.0115 

0.29 

35 

28 

0.0120 

0.30 

45 

33 

0.0112 

0.28 

35       , 

29 

0.0131 

0.38 

50 

84 

0.0100 

0.25 

40 

30 

0.0112 

0.23 

55 

35 

0.0086 

0.22 

45       \ 

31 

0.0100 

60 

35 

0.0072 

0.18 

50 

32 

0.0083 

0.21 

70 

37 

0.0058 

0.15 

60 

35 

0.0077 

0.20 

80 

40 

0.0058 

0.14 

70 

37 

0.0078 

0.20 

00 

42 

0.0044 

0.11 

80 

38 

0.0068 

0.1T 

90 

39 

0.0061 

0.15 
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MiNEB'8  Inch  Mbascbe. 

A  miner**  inch  of  water  is  the  amount  that  flows  oat  under  a  head  of  about  0  inches, 
through  an  opening  one  inch  square  in  the  vertical  side  wall  of  a  measuring  box.  Thus  an 
opening  2  inches  h&h  and  4  inches  long  would  discharge  8  miner's  Inchea  The  ukeasurement  is 
only  a  rough  one  since  the  amount  of  water  passing  through  wiU  vary  with  the  size  and  shape 
of  the  opening,  the  thickness  of  the  plank  through  which  the  water  flows,  the  head  of  the  water 
aboTe  the  opening,  the  distance  of  the  opening  above  the  bottom  of  the  measuring  box,  and  the 
character  of  the  approaches  and  of  the  fall  on  the  delivery  side.  Table  409  shows  the  discharge 
m€  a  miner's  inch  in  cubic  feet  per  minute,  under  different  conditions.*^  Further  data  Is  given 
by  Bowie*  and  in  the  Tenth  Census  Beport.«>'^ 


TABLE  409. — VALVES  OF  A  MINBB'S  INCH.* 


Length  of 

Openings  2  Inches  High. 

Openings  4  Inches  High. 

Head  to 

Head  to 

Head  to 

Head  to 

Head  to 

Head  to  Center. 

Center; 

Center, 

Center, 

Center, 

Center, 

7  Inches. 

5  Inches. 

6  Inches. 

7  Inches. 

6  Inches. 

6  Inches. 

Cu.ft. 

Cu.  ft. 

Cu.ft. 

Cu.ft 

Cu.ft. 

Cu.ft 

4 

1.348 

1.473 

1.589 

1.320 

1.450  . 

1.570 

6 

1.365 

1.480 

1.696 

1.336 

1.470 

1.595 

8 

1.359 

1.484 

1.600 

1.344 

1.481 

1.608 

10 

1.3G1 

1.485 

1.602 

1.349 

1.487 

1.615 

12 

1.363 

1.487 

1.604 

1.852 

1.491 

1.620 

14 

1.364 

1.488 

1.604 

1.354 

1.494 

1.623 

16 

1.365 

1.489 

1.605 

1.S56 

1.496 

1.626 

18 

1.365 

1.489 

1606 

1.357 

1.498 

1.628 

20 

1.365 

1.490 

1.606 

1.359 

1.499 

1.630 

22 

1.366 

1.490 

1.607 

1.359 

1.500 

1.631 

24 

1.366 

1.490 

1.607 

1.360 

1.501 

1.632 

26 

1.366 

1.490 

1.607 

1.361 

1.502 

1.633 

28 

1.367 

1.491 

1.607 

1.361 

1.503 

1.634 

80 

1.367 

1.491 

1.608 

1.362 

1.503 

1.635 

40 

1.367 

1.492 

1.608 

1.363 

1.505 

1.637 

60 

1.368 

1.493 

1.609 

1.364 

1.507 

1.639 

60 

1.368 

1.493 

1.609 

1.365 

1.508 

1.640 

70 

1.368 

1.493 

1.609 

1.365 

1.508 

1.641 

80 

1.368 

1.493 

1.609 

1.366 

1.509 

1.641 

90 

1.369 

1.493 

1.610 

1.366 

1.509 

1.641 

100 

1.369 

1.494 

1.610 

1.366 

1.509  • 

1.642 

^The  apertures  from  which  these  measurements  were  obtained  were  through  material  1^  inches 
thick,  and  the  lower  edge  2  inches  above  the  bottom  of  the  measuring  box,  thus  giving  full  con- 
traction. 

Htdbaulic  Tables. 

For  data  on  flow  of  water  in  pipes,  loss  of  head,  etc.,  the  reader  is  referred  to  Trautwlne's 
Civil  Bngineen*  Pocketbook. 

Biblioorapht  fob  the  Appendix. 
This  will  be  found  at  the  end  of  Chapter  XXI. 
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594,  406.  876.  300.  904.  1091.  1099.  UOO,  1114. 

1114.  U19 
14 10.  339.  480.  486,  488.  491.  624.  630.  634. 

640.  648.  660-663.  673,  674.  693.  693.  694.  406. 

900.  906.  1091.  1114.  1119 
15 34.  34.  44,  44,  74.  87.  90,  91,  101.  347. 

350.  363.  368.  359,  344.  399.  443-444.  486,  633- 

534.  538,  530.  633.  6n,  538.  540.  660,  663.  673. 

584.  590.  693,  593.  404,  406.  484.  489.  494,  843, 

874,  875,  900.  904,  907,  1091,  1100,  U14.  1139.  U4i 
14 34.  24.  44.  44.  49.  73,  74.  87,  90,  91,  37. 

101,  347,  350.  352.  354,  358.  344.  534.  538,  534. 

640.  546.  644,  649,  660,  663,  670-673,  679.  693, 
683.  404.  406.  843,  833,  904.  908,  1091.  1106. 

nil.  1114 

17 13,  34,  34.  44.  4C  49,  73.  74.  90.  91,  97, 

101.  347.  360.  352,  364.  358.  344.  400.  480.  484, 
624.  528.  534,  540.  547.  650.  653.  684,  580.  593. 
693,  694.  699.  405.  843.  893.  904.  908,  1091,  1106. 

nil.  Ulf 
18 34.  34,  44,  44,  74,  90.  101,  347.  360,  363. 

368.  844.  349.  373.  410.  444.  633.636,  638,  630. 
633.  537,  638.  640,  550,  6B8,  590.  593,  593,  404. 
448.  843.  904,  909.  9U.  1(M0.  1091.  1100.  IIU. 

1114.  1114.  1131.  1139 

19 34i  44,  44.  74.  347,  360.  363.  358.  437,  444. 

464.  484,  489.  491.  534.  663.  590.  448.  804,  910. 

U14.  1114.  iia 
20.... 24.  24.  44,  44.  49.  70,  73,  74.  83.  90.  91.  96. 
101.  347.  360.  363.  364,  366.  367.  368.  341.  344. 
431,  534,  538.  637.  540.  641.  660.  651.  554.  573, 
674-674.  633.  693.  404.  406.  438,  448,  443,  867. 
843,  873.  873.  875.  904,  913.  1091,  1100,  1103-1106, 

1113.  1114,  U2t 

U 34.  24,  44,  44,  72,  74.  87,  80.  97,  101. 

380.  331.  347,  360.  363.  368,  369.  341,  344,  349. 413. 
461.  636,  638,  637,  638.  641,  644,  647,  660.  664. 
673,  677,  593.  693.  694,  401.  403.  406,  484,  431, 
4N,  497,  843.  876.  904,  916.  1049,  1100.  1106, 

1113,  1114,  lUS 

23 30,  31.  34.  44.  44.  49.  73.  74.  87.  30,  91, 

96.  97.  101.  330.  338.  339,  347.  360-363,  364,  368. 

359.  341.  344.  381.  383.  899.  443.  464.  443.  523- 
626.  628.  533.  634.  637,  633,  641,  660,  664.  673. 
673,  679,  684.  687,  633,  693.  599.  404.  406,  484. 
488.  493.  497.  854.  857,  870.  373,  874.  876,  914. 
917,  1100,  1108.  1103,  U06,  1113.  1114.  1133, 

1129.  1140.  1141 
tt 34.  44.  44,  71.  74,  87.  90,  91.  347.  349. 

360,  863,  368,  369,  344,  443,  636,  628.  641.  664. 
6n,  692.  405,  484.  883.  314.  917.  930,  1114,  1111 

24 34,  34.  60.  61,  44.  44,  49,  73,  74,  30,  91. 

101.  347.  350,  358.  355.  368,  359,  341.  344.  414. 
444,  444,  464.  617,  636,  638,  5Sg,  636,  537.  633. 

641.  644.  647,  649,  550.  664,  677,  679.  684.  689, 
693.  693.  404.  406.  448,  448.  444.  484.  493.  843. 
870.  914.  917,  931,  1091.  1093.  1100,  1101.  1106, 

1104.  1113.  1114.  1U4.  1133.  UH 

36 11.  34.  34.  47.  44.  44,  49.  70.  73,  73.  74, 

87.  30,  91.  97.  93,  101,  331.  347.  360.  863.  868. 

369.  344.  443,  444.  461.  464,  440,  617,  636.  638. 
629.  637-539.  541.  644.  547,  649.  650.  564.  671, 
677.  587.  592.  593.  694,  699,  405,  407.  408,  433, 
867.  843,  849,  370,  873.  874,  376.  914,  934.  1084. 
1088,  1091,  1094.  1100.  1103.  1106.  1104.  1108. 

1113.  1114,  1114.  1119.  1110 

M 30.  31,  36,  43,  44-48,  60,  44,  44.  48. 

43,  73.  74.  87.  90,  94.  97,  101,  r3,  373,  347. 
360.  363.  387.863.  341.  344.  393,  393,  464.  440. 
636,  638.  637,  640.  641,  644.  660,  664.  673.  674. 
691,  693.  6N.  404.  406,  4M,  466,  443.  444,  841, 
8M.  341.  3tt.  873,  936.  934.  1031.  1100.  llOt- 

UOf,  Ull,  UU 
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866. 
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660. 
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898, 
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687. 
196. 
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361, 
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90, 
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...24.  26.  64.  66.  69.  78.  76.  90.  94.  101. 
168.    164.    166.    167.    170,    177.    178.    180. 

186-187.    189-192.    196-199.    201.    206.    207- 

812,  214.  219.  280.  281.   347.  360.   362.   366. 

868.  366.  m,  432.  444.  461.  466.  480.  486. 

491.   525.   628.   633.   636-638.    641.   646.   660. 

686.   587.   692,    693.    604-606,    638.   648.   684. 

768.   856.   863.  864.  872.   874.   876.  879.   880. 

926.  928.  1090.  1091.  1096,  1100.  1106.  1107. 

1112.  1113.  1116.  1119.  1171 
....10.  24.  26.  30.  31.  64.  67.  69.  72,  76. 
91.  97.  101,  104.  280.  281.  339.  340,  845, 

360.  353.  358.  359.  366.  381,  383.  888.  426. 

442.  444.  466,  461,  462.  625,  628,  686-688. 

646.  649.  660.  666.  674.  683.  686.  686.  692. 

696.  689.  604-606.  638.  684.  692-694.  866. 
871,  876,  926,  933.  1004,  1091.  1100.  1103- 

1106,  1116.  1141 
....24.  26,  64.  76.  87.  90.  347.  350.  353. 
866.  626.  641.  666.  692.  693.  698.  602. 
684,  868.  880.  925.  926.  936.  1089.  1100. 

1106.  1116.  lua 
....10.  84.  26,  46.  64.  66,  67.  69.  72.  76. 

90.  91,  97.  98.  101.  338.  347.  360,  363,  358. 

366.  382,  883,  419.  444.  446,  449.  466.  463, 
486.  489.  491.  622.  628.  626.  627.  628.  630. 
638.  637-639.  641.  646.  647.  649,  660.  666. 
673.  677,  679-681.  586.  687.  592.  593.  604. 
638.  648.  668,  661.  684.  688.  692.  693.  696. 
866.  861.  863.  872.  876.  936.  987.  1089.  1100. 

1106.  1109.  1112.  1118,  1116.  1141,  1164 

24.  26.  68:  64.  67.  69.  72.  76.  87.  90. 

97.  101.  104.  847.  860.  363.  868.  362.  366. 
444.  466.  481.  489,  491.  525.  628.  634.  686. 
642.  660.  668.  572.  677.  582.  587,  692.  598. 
104.  606.  648.  684.  692.  697.  867.  863.  872. 

876.  986.  940.  1091,  1100,  1106.  lllf 

....84.  86.  64.  67.  69.  76,  87.  90,  91.  97. 

102.  889.  847.  861.  353.  354.  359.  866.  393. 

626.  628,  642.  660,  668.  678.  687.  692.  698. 

606,  648.  684.  697.  866.  867.  863.  876.  936. 

943.  1100.  1101.  1106.  1112.  1116,  1119 
....24.  64.  67.  76.  91.  347.  361.  853.  359. 
896.  442.  625.  542.  558.  572.  584.  692.  698. 

606.  684.  697.  857,  836.  946.  1116 
....46.  64.  67.  76.  87.  339.  347.  363.  369, 

367,  449,  466,  486.  525,  642.  646.  668.  587, 
693.  604.  605,  648.  684.  866.  863,  875.  936, 

946,  1089,  1100.  1106.  1112.  1116 

46.  64.  66.  67,  69,  72.  76,  87.  90,  91, 

101.  837.  839.  847.  350.  351.  368.  368.  859. 

866.  393,  444.  458.  615.  626,  642,  646,  647. 

661.  558,  572.  587.  592-594.  604.  606,  648. 

663.  684.  692.  694.  697.  856.  867.  863.  936. 

947.  1089.  1100.  1106.  1116.  1112 

24.  64,  76.  347.  351.  363.  366.  396.  442. 

626.  642,  558.  672.  692.  606.  648.  684,  692, 

936,  951.  1110.  1116 

24.  64.  67.  76.  347.  351.  353.  358,  366. 

486.  507.  522-624.  626.  628.  630.  631.  683, 
637.  538,  550.  580.  592.  648.  684.  687.  698. 

697.  842.  856.  863.  936.  964.  1089,  1091.  1U6 
24.  26.  64.  67,  76.  91.  121.  126,  134, 

281.  339.  347.  361.  353.  354.  358.  359.  866. 

383.  393.  395.  444,  456.  468.  463.  617.  624. 

629,  542.  546,  547.  560.  558,  672,  676.  679. 

592.  593.  606.  638.  648.  661.  662.  684.  698. 

697.  843.  848.  857.  863.  872.  875,  879.  973. 

1085.  1087,  1089.  1096.  1098.  1102,  1105-1108. 

1112,  1116.  1141 
....24.  26.  64,  67,  69.  76,  91.  280.  281.  347, 

363.  358,  359.  366.  396.  403.  404.  416,  416. 

626,  527.  536.  537.  542.  646,  560.  562,  672, 

682.  592.  593.  602.  605.  607.  638.  648.  661. 

857.  863.  875.  973.  976,  1091,  1103-1105, 

1112.  1116 
....10.  24.  26.  48.  64,  67-69.  72,  76.  87. 

91.  101.  313.  339.  347.  361.  863,  366,  361. 
878,  895.  403.  404.  416.  444.  446.  456.  482. 
486.  626.  528.  543.  546.  547.  550.  662.  579. 
692.  693.  604.  606.  607.  638.  647.  648.  666, 
868.  872.  875.  879.  978.  978,  1086.  1089. 

1091.  1099.  1100.  1103-1107,  1112-1114.  1116 
...24.  26.  48.  64.  87.  347.  351.  853.  358.  866. 
424,  444.  461,  466,  482.  626.  543.  546.  650. 
672.  692.  698.  606.  647.  648,  660.  661,  668. 

973,  982.  1103,  1106.  1112.  1116,  1121 


Hill  42.... 64.  67.  72.  76.  91.  97.  101.  118  120-128. 
126-128,  184.  268.  339.  340.  846.  347.  361.  388. 
366.  896.  403.  404.  444.  456.  458.  481.  481.  491. 
515.  619.  526.  528.  629.  543.  651.  564.  672.  687. 
692.  605.  638.  684.  696.  697.  863.  876.  984.  1015. 

1098.  1102.  1106.  1112.  1U6.  1121.  1190 

43 64.  67.«69.  72.  76.  91.  101.  118.  120-1X8. 

126- 12S,  133.  134.  339.  347.  351.  368.  358.  36C 
38«.  403.  404.  444.  451.  466.  517.  526.  648.  64cl 

647.  661.  664.  672.  587.  692.  693.  6K.  C04.  606. 

648.  684.  689.  692.  696-697,  843.  861.  8CS.  872. 

876.  984.  987.  1091.  1100,  1112,  1113.  1116.  1116.  1121 
44 18.  24.  27.  64,  U8.  120-128.  126-129. 

131.  133-136.  257.  269.  280,  337.  889.  392.  3» 

404,  449.  481,  485.  486,  489.  491,  515.  62S.  61S. 

629.  637.  643.  664.  671.  6n.  .680.  682.  688,  686- 

689,  592-694.  6M.  601.  606.  688.  681.  684.  61^ 

694.  696.  697.  843.  867.  861.  866.  866.  870-8R. 

874-876.  990.  995.  1000.  1091.  1092.  1095w  UOl. 

1106.  1108.  1109.  1112.  1118.  1116,  1120.  114S.  1191 
48 121-128.  126.  128.  133-135.  880l  890. 

891.  448,  615.  626,  629,  637.  686.  687.  689.  6n. 

684.  686.  806.  870.  990.  993.  1091.  1103.  U«6. 

1110.  UK.  1130 
48 12.  24.  27.  Il8.  120-128.  126-128.  131.  123- 

186.  320.  337-339.  390,  391.  896-898,  403,  44». 

466.  480-482.  486.  486.  489,  491.  616.  626.  5S7. 

543.  644.  647.  666.  671.  6n.  688.  686.  587.  M- 

694.  606.  684.  689.  696.  697.  726.  727.  843.  870. 

872,  876.  990.  994.  1088,  1091,  UOS.  1106.  UIO. 

1115.  1131 
«T 12.  24.  27,  118.  m-12S,  126-128.  U3-1S5. 

280.    382.   837-339.    397.    403.   449.   456.   480.    4SS. 

486.   486.   489.  491.   616.   622.  526,   629.  6n.   644. 

666,   671.   672,    686.    687.   589.   692-&»4.   606,   684. 

697,  707.   726.   727.  843.   857.  870.  872.   875.  •9». 

998.  1091.  1103.  1106.  UIO.  1U6.  1120.   U3l 
48 10.  12.  24.  27,  118.  120-123.  126-Ul.  138- 

136.   820.    337-339.    397,    398.    400,    404,   449.    464. 

480-482.   485.   486.   489.    491.    616.    622.   626.   529 

687,   538.  544.   647.   650.   648.  671.  678.  677    696- 

588.    692-594.   696.    599.   601,   606.    684.   689.   495- 

497,    843.    870.    872.    876,    990.    997.    lOOO,    1091. 

U03.     UOS.     1113,     m4,  112! 

49 270.    474.    1004.    U14.  1172 

60 1004.  1006.  1078.  1114,  lUS 

61 1006.    1007.    1909,  1116 

62 1006.   1008.   1009.    1011.   1913.  U14 

63 30.    31.    167,    170.    199.    902,    906.    207. 

208.    212.    219.    648.    656.    659.    643.    1014.    1499, 

1091.   1100.   1103,   U46.  U16 
64 27.    46.    170.    199,    206.    20T.    29^    S12, 

219,   839.   482.   648,   668.   1014.   1015,   1U9.   1114,  U3l 
66 24,  146.  148,  156.  158.  164-167.  170.  177. 

178.    180.    182.    186.    187.    189-192.    196-199.    201. 

202.   206.   207-209,   211,   212.   219.   222.   304.   492. 

486.    491.    448.   446.    701.   748.    1014.    1014.    1090. 

1091.   UOO.   UOl.   lUO^  U16 
N 145.    166.    168.    164.    145-147.    170.    174. 

177.    178.    180.    182.    184,    187.    189-192.    194-199. 

201.    202.    206-209.    212.    214,    219-222.    966.    n4. 

737.  740.  744,  746.   748.  764.  748.  770.  783.   T85. 

1017,  1089.  1093.  1103.  1106.  1116,  1119.  USl 
67 24.  27,  146.  153.  164.  158.  144.  147. 

169,  174,  177.  179-182,  184.  187.  189-192.  194- 

199,  201,  202.  204.  206.  207-209.  212.  114.  219. 

222.  262.  246,  339.  340.  647.  448.  460.  465.  459. 

641.  663.  664.  735.  737,  740.  748.  744.  746,  T49. 

766.  759.  765,  768,  772.  774.  783.  1018.  1099.  1092. 

UOO,   1106.  1U6.   U81.  lyi 
68 146,    154.    168.    166,    167.    170.    172,    178, 

180,  182,  186.  187.  189-192.  196-199,  201.  202.  205. 

207-209.   2U.   214.   219.   222.   239.   252.   454.   448, 

460.  666,  641.  648.  787.  744.  745.  748,  754.   772. 

774.  1018.  1019,  1069,  1100.  U08.  U05.  1U6 
19 24,  27,  146.  166.  168.  144,  147.  149.  174. 

177-180.  182.  184.  187.  189-192.  194-199.  101.  108. 

106-109.  212.  214.  119.  K2.  m.  940.  48t  047. 

648,  666.  669,  443,  664.  737,  744.  746,  748.  754^ 

769.  765,  771,  786.  1018,  1020,  1089.  1989.  1199. 

1108.  1104.  1109.  1114,  1128 
fO 88.  44.  146.  164.  147.  149.  180,  18t  199. 

199,  201.  206.  207.  108.  111.  114.  119.  211.  Ott. 

460,  441.  787,  740,  741,  744,  749,  lOlt.  1011. 
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Mill  CI U.  4C.  145.  IM.  IBS.   1M-1«7.  IM.   174. 

17B.  177.  179.  180.  182.  185-187.  188-lM.  IM- 
199.  201.  202.  206.  207-209.  212-214.  219.  222. 
2M.   288-840.  648.  €69.  661.  668.   664.   787.  740. 

746.  748.  766.  766.  768.  788.  786.  848.  868.  860. 
861,  876.  1018.  1021,  1080,  1089.  1090.  1100. 

1108.  1106.  1116.  im 

a 24.  27.  48.  145,  165.  156.  168.  166-167. 

169.  177-182.  186-187,  189-192.  197-199,  201, 
202.  205.  207-209.  118,  214.  219.  222.  265. 
889.  840.  648.  669.  661.  703,  788.  737.  741.  742. 
748.  760,  766,  767.  765,  768,  772.  788.  1018. 

1022.  1089.  1100.  1103.  1106,  Uie 

a S4.  167.  170.  177,  178.  182,  190.  191. 

199.  201.  106,  207.  208.  212.  214.  219.  648.  787. 

766,  772.  1018.  1023.  1089.  1116 

$4 14.  27.  48.  146.  168.  156.  166.  168. 

164-167.  169.  174.  176.  177-180.  188.  186-198. 
lN-199.  101.  102.  206-209.  212-214.  219,  222. 
189.  840,  648.  669,  668.  788.  787,  740,  742. 
745.  766.  768.  772.  HS.  864.  1018.  1028.  1089. 

1100.  1108.  1106.  1116.  lift 

•B 84.  156.  168.  166.  169,  174.  177.  178. 

190-181,  186.  187.  189-191.  196-199.  201.  201, 
107-809.  212.  214.  219.  222.  238.  266,  838,  889. 
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